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AHRT«A(.'T 


making low permeabiUty matrices tlr fuel oeli; Lan^nL^i ' 
fibridl^ ^ separators from the coarser alkaline battery 

1 ho stclbility of PRI n\3,ts f"0 vr^Ti *^4- i_ • 

by heat treaLent at Wgh ^empoLSros! wlighrjoss d^^tr" 
1000 hours exposure show the Alkali reslsta^rot ?L to 

be superior to that of asbestos. ot tne mats to 


JillMMAUy 


^ibria tucMmuloqy appllod i.o j>m proiluctKl a film-1 iko 
aolvent 

azeotropicaily aiatiUim, off the water, oavo 

with*\ pwotted and fabricated into a 

with less than 5% shrinkage. 


Lth arc, or shoots. Careful washing to removrresiSu^ 
by ■I’^^’ihrinking" flUrlds in toluol and 
;;y of;C the water, oave a drv flbrl,? 


a dry fibrid 
mat or paper 


SarpiJsf the otherf for?uSr?eu‘’;at??olr 

demonstrated that mats for both alkaline bat?e?ies'aid fuel 
cells can be prepared from the coarser fibrids oriqinallv 
techniques!°^ alkaline batteries, by appropriate calendering 

oontinuouf °* Kif <?-^ly-clark Corporation made a 

Ted^So However, Inade^uatl rSJi!ovarof“olvint^ 

led to subsequent fusion nn the dryer cans and the "uauer” 

o? ?^bSdf T '“'=“i='«=bory. BLause of f flmJled'^sSpply 
of la ^ cn' run was not repeated. However, a quantity ^ 

noloov that°ls Jn bandsheets were made using teoh- 

tlotSing? ® by those engaged in papir manu- 

“?tid samples had been evaluated, it was 

than did others. ”'®A?ier Jerin^atLrof'tr'® ‘h 

3^5?rf'ro^^Loi 

riim 4 -v, hour, or until the mat is no longer soluble in 

orthc^raartrho?' substantially improve the resistance 

concentrated alkali (45% KOH at 123»C) 

With a 2% weight loss after 1000 hours, the heat treated mats 

sepLato'^f un5 matif 3olutionr?tan Sf 

separators and matrices made from asbestos. 
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niK’OMMMNIWI' rONjl 


Sufl’icvlont aamplos of; both ribrida oncl ma1;o havo bocsn 
delivoi’od to NASA to allow tlujir evaluation in opcsi^ablo 
tuol collu or alkaline batterion. Mata ahould be heated 
in an air oven at 375«C for an hour or until they are 
oxidized suff ioiontly no that they no longer dissolve 
in diniethylacetamido . The resulting mats shoud possess 
outstanding resistance to hot concentrated alkali, 

Scale“up would reguire the use of a continuous paper 
machine. In this casCf shrinkage upon drying is an 
advantage since it would provide a stronger sheet. 

The accompanying wrinkling would be taken care of by 
tension in the machine direction. For this puroose, a 
water washed but not dried PBI fibrid would probably 
bo preferred. Some amount of PDI textile fiber could 
also be added to improve strength. Such development 
should be undertaken jointly with a papormaker in order 
to integrate and optimize fibrid preparation and mat 
making. 


INTRODUCTION 

WbeSaiJfSSzolof ' ' ' ' '"-Phonylone, -5 , 5 • - 

and chemical ntabiU?™™o^ nSar?v •^hormJl . ghyll Ll 

Colaneao, several thousand nounda^of'^n^fSi^*^®* range (1-7). 

fifteen yeSra^(8?9f produced 

A? into textile fibers and varna^SS!! this polymer was con- 
Air Force and NAiSA applicationa^roSiH evaluation in 

knitted or braided flexible non-flammable woven, 

lanyards) (10-13)7 structures (e.g. flight clothing and 

membrane (14,15). this ® reverse osmosis 

reDection properties of aque?S“lalt ^as exhibited excellent 

at pasteurization temperatures (16) ' U detergent mixtures 

vestigated under EPA sSppoSrL a ^^^cently, it was in- 
treat chromic acid eleSronLffnJ f membrane to 

low PH and the strongfy SxidizJ^n * °®®P^te the 

shown to be unaffected^by elther^fch?*^f)!<'.i< membranes were 

strength of the chromic acid? acidity or the oxidative 

amined PBl polvmeray^flbers^ Celanese, others have ex- 
applications tl8-23j ^ fo^ a number of different 

its utility in advanied^uSl 0611%?^^??®” determine 

least one instance, a mat of Snr battery systems, m at 

weight when Immersed for^SOOO hours^at^aJS®^ 

saturated with oxyqen uS? ®®”°®nbrated KOH 

®J^ibited a satisfactoVdegrL of hvdJLS??^ 
hand, the coarseness of •♦•Vio ydrophilicity, on the otheir 

tested preclSSir"! PBl textile fibers beljg 

eures compereble to those obte?Sefw?trisb«1os1iSerS^'’'® 

be oonverted°fnto^ultratlne*^fih* whether PBl could 

mats Which could be «e“Ss alte^aJf )* of 

fuel cells and batteries Sewot-ai asbestos in advanced 

of ultrafine fibers from PBl were availnh?ft®® Pi^eparation 

economical scheme was found to be „“o''®ver, the most 

so-called fibrid process? Po? revolved around the 

was chosen for the initial effo?? ?«5®® fibrid approach 

choice throughout. n'emained the method of 
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wh«‘f;iew‘u? with . 

•olutlon in a ahaar field which SttmuSt22“Jhi^°"i®' * polymer 
ii being preoipitated Th* polymer as It 

••fiber-like" material! Pibrid! formation of a hairy 

making ainoe their very irreo2i*w 

of mechanical interlocking whieh^^ean ? strong degree 

additional bonding atepe?^ ^ Provide atrength without 

p?eS.«?loJ a“d''ch««2le?lKSJ*S? 

blllty mate from them snhaan!!^^^ ^th high and low parmea* 
mate In air hia baaS *'®*‘ treatment of thaae 

attach by hoJ'ooS^St^?:? «»l.tano. to 


OBJECTIVES ANU STATEMENT OP WORK 


* iongth to diameter ratio of 100 to 1000 

Task 1 - Production of uifcr.if<n g pjbera from prt 
Established conventional extrusion technoloqy and 


1 . 

2 . 

3 . 


Pibrids preparation 
Conventional spinning processes 
Spray spinning 


ultrafine fiber, .hall 


Task II 


n-bf^hed\a^; °^ Treat.'ent. for 





***® ■"e'^hocl. nace.ury for produelna 
use '’S??"'® ® "’abrix suitable for fuel lell 

“?eo5?ii and ®*'““ flexlbilHy and 

but J?^‘’i§H‘’a'srsner3§'i;jro?t;pi“u?e‘^ 
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to 451 KOH iolution at 90*C, riming with water » and expoeure 
ayain to 451 KOH at 90*C, The matrix ehall bo 0,010 inch 
thick. Integrity ie defined ae poaeeeeing aufficlent strength 
•uch that a piece 1 foot long eupported on one edge will eup- 
port itself, either wet or dry. Acceptable flexibility will 
be demonstrated by bending over a diameter of 8 inches in dry 
,form. Such bending shall not change the bubble pre.:sure ol“ 

.the matrix. 

The Contractor shall provide NASA with enough fibrids 
for making about 1 square yard of matrix material. This 
may be supplied in several batches as work progresses. In 
addition, the Contractor shall provide NASA with four (4) , 

6-inch X 6-inch mats made from the fibrids. These mats shall 
be within the range of specifications noted above. 

Task IV - Fibrids for Alkaline Battery Separator-Absorber Use 

Using sample materials provided by NASA under Task I, 
namely, the 10-mil fuel cell grade asbestos, and non-wover. 
nylon (Pellon No. 2506) as examples of extremes of sample 
properties, the Contractor shall investigate the metj.ucl* 
necessary for producing PBI substrata for batter »<eparator- 
abiorber use. Substrate thickness shall be in the range of 
4 to 7 mils with the 5-mil thickness most desirable. Area 
resistivity should be 0.2 ohm-cm2 or less in 35% KOH solution. 
The substrate must be flexible and uniform, capable of being 
bent over a 1/4 inch mandrel without cracking in dry form. 

The Ccntractor shall fabricate and provide to NASA, eight (8) 
pieces of PBl substrate made from finished fibrids (8-inch x 
8-inch) for cell test evaluation. 

Task V - Increase Stability of PBI Fibrids 

The Contractor shall determine the necessary heat treat- 
ment to thermally crosslink PBI fibrids to Improve weight loss 
resistance in hot potassium hydroxide solution. The method of 
thermal crosslinking developed should be compatible with the 
existing sequence of fibrid processing techniques which provide 
a dimensionally stable mat. Requirements specified in Tasks II, 
III, and IV should be met by the crosslinked fibrids. The 
weight loss goal shall be less than 1.5% after being immersed 
in 45% KOH for 5000 hours at 250«F. 

When the weight loss is minimised, the Contractor shall 
then thermally crosslink 20 pounds of fibrids to be supplied 
by NASA. 


Rxnr^RrMENTAr, 


Polybenzimida2ole (PBi) or more properly, polv-2 2'- 
(m-phenlyene) -5, 5 ' -bibenzimidazole, is a tSallv 
5 prepared by the melt condensation of 

d?iethJlsullSxide'^^'^Dr^S^^^^ diiethylaSetamide , 

een used at Celanese to spin textile fibers from PBl. 

B. Dope 

a solution of polymer {dope) is re- 

filaS??Iaer. 

I?™ rto"°n? 

oTtKxS 

felt that no it was 

level used? necessary at the low solids 

supply was exhausted, a batch 

yarn,'’lir?a%?S^raSa 
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containing 2 J LiCl at 220’c for two hours. After coolino 
to about XOO C, filtration through a depth type cellulose 

?naolublea®^ remove the normal granular 

to taroit particles. After dilution 

filtered\hioS2h^^^i« Poise) all dopes were crudely 
anv t««h f Of polypropylene felt to remove 

any trash picked up during transfer and handling. 

C. Apparatus 

* polymer solution or 

thS%«?mo f thereby attenuating the dope during 

or flhJfSi prepare "fiber-like" particles 

pSi™r^soiutioS^wf?h®® devices capable of mixing a 

litS^JtuJe^ Po? J ^®®*' described in the 

•Licerarure. For this project, a commercial internal miv 

aoSaMtSriLJ®? 1?®®^ prepare the fibrids. The basic 
dSSe ''®®d®d to prepare fibrids is very simplei a polymer 
device! ^ assembly, a source of coagulant, and the mixing^ 

off liSa' prepared and filtered 

OEE line. As needed, dope was manually transferred to * 

^«elty“5i2h“«: 

flulHiar (osS?S?n? S.*spra“»zz?r® 

w. w. Grainger, Inc., Newark, N. J. 07102). Pumo outnnr 
pressure was controlled by use of an adjustible^eliiJ^ 

bypassed fluid back to the inlet, in addition 

tank wSrM!!neeted*'?n^?7®®'*f® containing ballast 

. , conndCvGQ In Xi.n6 f6<3ucg IiIig ditgsbupa an^nAB 

waterwaS^feS^to^thi®^?" produced. This high pressure^ 
water was fed to the air aide (outer) of the spray noszle. 

Il5he?tSS^®lir®6Qlfi??’”?i?^?‘^<^ ® Spraying Systems Co. 

1/4 J internal mix round spray pneumatic 

2050 iith Sire!; 12A, consisting of fluid nozzle 

^^® laboratory, the fibrids were 
Plant thf gallon containers while in the pilot 

fiSS to ; «ntoifu?l” » wnk with gr.vity 


After-processing consisted of boiling the fibrids with water 
to remove residual solvent and then dewatering the fibrids 
by azeotropically distilling water from a toluene suspension 
of fibrids. In the laboratory, common glassware was used, 
the samples being boiled in a beaker and filtered via gravity 
with a piece of cotton muslin. Azeotroping was done in a 
5 liter, 3-neck flask equipped with a stirrer, azeotrope 
trap, condenser, and nitrogen bleed. Again, filtration 
was by gravity through a piece of muslin followed by air 
drying in a hood and finally an oven dry to drive off the 
residual toluene. 

In the pilot plant, separations were done with a basket 
centrifuge and both the washing and azeotroping were done 
in a 400 gallon stainless steel kettle equipped with a 
turbine agitator, condenser, and azeotrope splitter. The 
slurry would flow by gravity to the centrifuge. Fibrids 
were place on large trays covered with cheesecloth and 
allowed to dry, first in air and subsequently in an oven. 


D. Fibrid Formation 

A filtered FBI dope in DMAe was prepared with a 4-5 poise 
viscosity at 20 C. The Zenith metering pump had a capacity 
of 2.92 cm3/i^®volution and was normally set with a speed of 
5 revolutions in 18 seconds or 48.7 cmVn»in.. These FBI 
dopes have a density of 0.996 g/cm^, thus giving a normal 
nominal ^eed rate of 48.5 g/min.. with approximately 10.5% 
solids, the solid feed rate was 5 g/min. or 300 g/hr. 

Depending on the desired fibrid properties, deionized water 
pressures of 125-300 pounds/sq. inch (psi) were used. Plow 
rates were proportional to pressure and were on the order of 
3 liters/minute (1/min.) at 300 psi thus yielding a 0.16% 
slurry of FBI fibrid in water containing 1.4% DMAc. 

E. Fibrid Afterprocessing 

Pour boiled deionized water washes were used to remove DMAc 
from the fibers. The concentrations were not critical, the 
only requirement being that the system be stirrable and capable 
of being discharged from the vessel. About 1135 1 (300 gal.) 
of water were used to wash 120-150 lb. of wet fibrids. In the 
case of the fine fuel cell fibrids, the wet centrifuged fibrids 
contained 6,9% solids. Coarser fibrids for battery separators 
had a solids level of 16.4%. A fairly dry cake was desired 
since fibi.ids which were too wet tended to stick together and 
form beads during the azeotropic drying. 
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the damp fibrida were charged into the 
5 ?k^? 2*^ • ^®vel of 0. 3-1.1 kg (0,7-2. 5 lb.) 

?w® ^ 9«1*) of toluene and were aaeotroped ' 

further water came off. After centrifuglnc, a 19 4l 
aolida toluene-wet fibrid wae obtained. a 19 . 4 % 

were^2llSSed*fcI**?J°2I^ toluene to be evaporated, the fibrida 
diilnfst eo'?, ‘“''•■•’’isht prior to . v.ouum 

F • Ultrafine Fibrids 

Ill a 70/30 mixture of 

as the coagulant rather than water alone as was tne 
usual case. The DMAc-water mix was made up in a 55 gallon 
drim and was set-up for a gravity feed to the coagulant pump. 

provided to enable switching 

from water to the DMAc-water mixture. The same nozzle -and dope-- 

V®*^® ®® normal fibrids. TO cohserve 

the blended solvent, fibrid formation was started using 

water and was then shifted to the coagulant blend after stable 
operation had been achieved. Coagulant pressures of 180-225 

''®® «^oll«cted in a tank and trans- 
ferred to sta-nless steel drums for storage. This slurry con- 
tains 70.3% DMAc, 0.15% PBI, and the remainder, watSr? It 
was used as such for addition to the paper making slurry. 

G. Preparation of Mats 

filtration of a fibrid slurry in water, 
to provide the desired mat 
30-120 grams/meter (g/m) , was allowed to remain in 
deionized water for a minimum of an hour to rewet the fibrids. 

Any lumps were broken up by hand. This slurry was then dispersed 
using a Waring blender and the slurry poured into a hand sheet 
coarse fritted glass funnel where the sheet was made 
by filtration. Some mats were made directly on the fritted 

the funnel, however, most were made on a sheet 
of Whatman No. 1 filter paper. Either a fine screen or filter 

sheet box formation surface in the paper making hand 


After the sheet was sucked down on the surface, it was re- 
moved and overlaid with a sheet of filter paper. The sheet 
was then lightly rolled by hand to compact it. The wet filter 
paper was stripped off and replaced with dry paper. Some 
samples were further compacted or densified by being passed 


JiffMo" Multiple p««efiS?e°5MS“lJ^Soi 

nt airectlona in order to maximize uniformity. 

dri'filte? earaplea wore dried by plaoina 

of 19 mJ?flSete« ?n,^? ‘"‘f-^l^ovinq them ii?h sheets 

on too to Dress in.) plywood and placing weights 

tS se5«.f “ook was alloSid 

every day^ several days, changing the damp filter paper 

Mat Characterization 

1. Weight and Density 

true°basia'*weight^in*ora^^ consisted of the determination of 
weighing the mat and measurlnn (<j/m2> by simply 

was much more difficult measurement 

eouiH y i f average thickness, a mat density 

?b! ;e“?jSeriHnrq;e?l^f 

89-63% respectiJilJ.^"^ results in an apparent void volume of 

2. Strength 

with”f^?nr®SJ was obtained by cutting a 1.5 cm wide strip 

arS Ofte^®this°!/?”®^^® through the selected 

denalti««^^IIi,..^f^f weighed and the basis weight and 

3. Porosity 

Porosity was determined by two methods, one of which is an air 

S«"1? JeJiL^r^A “Z?®® • TWs teSi has beSn iS 

for some time to characterize porous structures. 
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«econds for a Known volujna of 
air to pass through the aample under a fixed oreaaurA 

«™pl« 9iVM S Jow'^JJISiSS 

hiqh^ro«dlJi®'' ShS?!!**®}' Mmple givM a 

ft Ofvlouoly, any defocts In the samSle alao 

values. On the other hand, this test ia 
quick, dry, and non-destructive, in this wav it 
suited for quality control. 

The other test used was a bubble oresaure teai- fn u.k<«k 
solution was determinll. rSt thiS tS" 2 2 si 

mSIouI KOH wll'??*" regulator. Ten ml'^of 40% 

P?elsu?e SndeJ thA the 

Si sample was increased until bubbles ap- 

pressure ^ P*^essure at which that occurred is the bubble 


4. 


Electrical Conductivity 


40%%q“oSrKOrove5nLS®'^!!!w'' l™ersed In 

two methacrylate bloekfJhieS «?“'’« hnf'Sl'’wi?h"4M 

ena ISe eoildSeU^ijJ^Salcl- 

® n»easurement of the resistance of the cell to 
a 40 milliampere (mA) current flow. ® ^ 


RESULTS AND DISCUSSION 


A* Initial Scouting^ 

or^doM the coagulation of a polymer eolation 

or aope in a non-'solvent under conditions of auffieian^ ah**** 
to attenuate and break up the resultinrSolymM sJ?aSd 5hlL 
possible variables in tL'^prXSSs! siSpie woi?- 
ing experiments were done by injecting polymer dope from a 
hypodermic syringe into a wiring blende? orSSagSlInJ! 

quantity of polymer on 

2?SS*W 1 ^ ^y J^efluxing it for several hours with 

waS filtS?ed“thrmi containing 2% Lid. This dope 

was riitered through coarse paper to remove the undissolved 
granular polymer. Dope viscosity was 1 2 poise 

determined by precipitation, washing, and drying, it was 

experience that the solubilJty^f pbi is a 
210-220»C being necessary to 

only thS “:.rSonoSiriSi,h^,2i:isiJi"^“ iS; 

Lithium chloride is normally added to PBl dope as a stabilizer 

semi-solid aggregation of polymer into a 

of™hiSh necessary for the stability 

of high solids dope, it may not be required for the low solids 
dopes generally used for preparing fibrid“ 

experiments were done by injecting this dope into a 

Stn”^ 

“<* 

tried. Water, both hot and cold, 
produced clumpy particles with low aspect ratios. Air 

oartldUa^iiSty^^^^i^^® flbrids to float. Methanol produced 

appearance to those produced in water, 

in aeatfi2^2iiS” handling was better. Coagulation 

fine, nice-looking fibrids. Upon fil- 
tration and drying, the mat shrunk and fused into a curled 
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proaumably due to residual DMAc remaininq in the 
fibrida. Several washinq stops with oithor acetone or 
boillnq water before dryinq oUminntod that problem. 

Using methylene chloride, a different typo of fibrid was 
produced which was more '‘rod-like’ and tended to contain 
long fibers. This material also needed rewashing to prevent 
fusion on dryinq. The possible use of organic solvents 
as coagulants did not appear to be a significant diaad*^ 
vantage relative to water since recovery of the DMAc must be 
done in a plant for economic and environmental reasons. 

Additional PBI dopes were made at different concentrations 
and viscosities by dilution of recovered PBI spinning dope 
with DMAc. Although the spinning dope contains LiCl as a 
dope stability additive, no additional LiCl was added upon 
dilution since it is unnecessary at the low solids concen- 
trations used for fibrid preparation. While the presence 
of LiCl increases the viscosity of PBI dope, as shown in 
Figure 1, no effect of Lid on fibrid formation was expected. 
Experiments were done with 5, 7.5 and 10% solids dopes and 
mixtures of DMAc/HaO from 70/30 to 0/100. 

Five percent dopes would not produce a strand, but rather 
formed drops which were subsequently chopped up into lumps. 

The 7.5 and 10% dopes did form strands, but they appeared to 
coagulate before they were suitably attenuated even in the 
70/30 DMAC/H 2 O mixture. Samples precipitated into higher 
contents of DMAc contained more fines, however, coagulation 
of the strand was still too rapid to allow the shear field 
to attenuate the dope. Slowing the coagulation rate and 
increasing the shear rate was necessary. 

With these difficulties in mind, it was felt wise to experi- 
ment with other types of equipment. A fibrid apparatus was 
available for experimental trials elsewhere in the Corporation. 
This consists of a paint spray type jet with a pump to force 
the PBI dope through the center passage. A second pump and 
heat exchanger system allowed high pressure hot or cold 
water to be pumped through the air passages of the jet. 

An internal mix type cap was used with the resulting fibrids 
being sprayed into a 55 gallon drum. This process produced 
fibrids which appeared upon first examination to be in the 
micron-size range. At Summit, these fibrids were boiled with 
water to remove residual DMAc and were filtered to provide 
crude mats which had sufficient integrity to be handled. 
Slurries of this material in water were non-settling overnight; 
indicative of fine particle size. 
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TABLE I. - CHARACTERIZATION OP INITIAL PDI MATS 


Electrical RB8ialpnoe( 3 ) 
(m-ohm cm«) 

_15 ■mill. _ Ovemicdit 


Sancle 

25536-14-1 

25536-14-2 

25536-21-1 

asbestos 

asbestos 
coated with PPO 


niickness 


iitm) 

_ (mil) 

0.25 

(10.3) 

0.41 

(16) 

0.28 

(11) 

0.28 

(11) 

0.28 

(11) 


Air^^^ 

Flow 
Gurley 

00 
OD 
m 

8.6 0.15 

10.8 0.07 


(4) 
(4) 

(22) 10.6 

(10) (4) 


1410 

1051 

disintegrated 

642 


Bu);3ble^^^ 

Pressure 

UlEa) (sail 

>0.22 (>32) 


(1) ASTM D-726B 

(2) f^sured with a 1-inch diaireter sanple in 40% KOH. 

Apparatus could not exceed 0.22 MPa due to rubber hose connections. 

(3) Measured in 40% KOH. 

(4) Off Scale 

(5) Received from NASA Lewis. 
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Figure 5. - Spray Apparatus 
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«y«tem tended to produce flat aheot-like 
produce mata which are of low permeability. 

At lower water preaaurea, however, a greater amount of ^ 
fibroua material waa noted. •"‘ouht; oe 

water before mate 

ahJut- original mother liquor showed 

hS content. Aa noted before, mate were formed 

® fJfitted glass funnel. They were air 
filter paper and were weighted 

Table IT ^eswlts, shown in 

system is capable of 
f which can produce both highly porous 

»P«- 

Sample 25536-38-1, which produced a mat with a 3 Gurley sec 

fin =?' rf f S™- '•iaure 6 .howS th^sSf- 

face of this particular mat, while Figures 7a and 7b show 

is°nn?J seems that sample 38-1 

abearance to sample 14-1 even though 
Significantly greater, it is evident 

airflow and bubble 

f ^°w a highly porous material, the mat 

?h2 ®?®®*" ^^*'® structures. Some of 

the fibrillar looking material is really the folded edges 
of sheet or web structures. eoges 

sections show a highly porous structure, not 
®®®? when a cabbage is sliced. It would 
porosity of this sample results from the 
folding and packing of very thin sheet-like fibrids inftead 
?n more conventional rod-like forms generally encountered 
in other polymer systems. 

Additional experiments were done to explore the relation- 
ship between various operating parameters of the fibrid 
apparatus. Of particular interest was the coagulant (water) 
pressure, which seemed to be the moat significant variable 
in previous tests. 

i” ^^® permeability (Gurley) was 

found to be directly proportional to the coagulant pressure 

pressure differences causing large 
permeability variations. Coagulant temperature made no 
apparent difference over the limited range studied. Oper- 
ation with higher coagulant temperature proved impossible 
due to pump cavitation. Location of the heat exchanger 
downstream of the pump to eliminate this problem was not 
possible since the heat exchanger had an insufficient pressure 
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TABLE I la. - CHARACTERIZATION OP FBI PIBRIDS 


Dope 

n ) Flow 

Pressure 

25536-38- (ml/min) (MPa) (psH 


-2 

73 

0.34 

(49) 

-5 

82 

0.34 

(50) 

-6 

82 

0.38 

(55) 

-1 

73 

0.36 

(52) 

-8 

82 

0.62 

(90) 

-7 

82 

0.69 

(100) 


Coagulant 


Temp. 

l^C) 

Pressure 
(MPa) (Dsi) 

Plow 

Rate 

(1/min) 

60 

0.47 

(68) 

1.94 

61 

0.72 

(105) 

1.93 

64 

0.76 

(110) 

2.18 

52 

0.72 

(105) 

2.39 

65 

0.83 

(120) 

2.73 

65 

1.14 

(165) 

3.08 


( 1 ) 

( 2 ) 


Prepared with 
Water 


nozzle 2050 with 


internal mix cap 73160 
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TABLE Ilb. 


CHARACTERIZATION OF FBI PIBRIDS 


Sample 

25536-38- 

Thickness 
(mm) (mil) 

Air 

Plow 

Gurley 

(sec) 

Bubble 
Pressure 
(MPa) (psi) 

Elec. Resistance 
(m-ohm cm2) 

Overniaht 6 days 

-2 

0.84 

(33) 

0.1 

<0.021 

(<3) 

139 

139 

-5 

1.42 

(56) 

0.1 

- 

- 

- 

- 

-6 

0.91 

(36) 

0.3 


- 

- 

- 

-1 

0.76 

(30) 

3.0 

0.028 

(4) 

110 

780 

-8 

0.94 

(37) 

6.0 

- 

- 

857 

- 

-7 

0.61 

(24) 

800 

>0.22 

(>32) 

1614 

573 


^^^Prepared with nozzle 2050 with internal mix cap 73160 
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Figure 6. - SEM of 3 Surley PBI Mat 


ORIGINAL RAQt 18 
OF FOOR 0»‘HITV 







Figure 7. - Cross Section of 3 Gurley FBI Mat 





TABLE III. - CHARACTERIZATION OF FBI FIBRID PROCESS 



TAtinq. All thc! mats woro made with tho same amount of 
Mluriy and contained approximately the same weight of solids, 
although the thicknesses varied threefold. After air drying 
for a week, all mats retained a moisture content of 12-13%. 

This was expected and is typical for PBI fibers. These 
flbrids were made with the same nozzle as was sample 38-1, 
thus it was expected that the mats obtained from this series 
of experiments would also have sheet-like structures, similar 
to that of 38-1. 

Such sheet structures were presumed to be formed because 
the water impinges on the dope stream at an angle prior to 
the exit from the internal mix spray nozzle. Modifying 
the nozzle to have 6 rather than 3 feed holes for the co- 
agulant was tried in order to present a more uniform radial 
pressure profile to the dope stream. Mo difference in 
performance could be seen between the two nozzles. In 
order to extrude the dope into a more nearly rod-like form, 
it was thought better to use a concentric external mix nozzle 
where the dope could be injected into the center of the 
coagulant stream. In this way, the coagulant stream would 
be expected to exert shear on the dope in a direction more 
nearly parallel to the axis of the flowing polymer solution. 
Furthermore, the coagulation rate might be retarded suffi- 
ciently to permit additional extension of the dope in the 
axial direction. 

A suitable cap was obtained which met these criteria. The first 
series of experiments with this set up is summarized in Table IV. 
Microscopic examination revealed, however, that the resulting 
fibrids were still substantially flat rather than round. 

Modifications to the fibrid apparatus were made to provide 
more stable pressures in the feed streams and to reduce 
pump cavitation. Figures 8 and 9 show thc spray nozzles 
and the apparatus, respectively. 

With this system upgrading completed, additive character- 
ization of both the internal and external mix type nozzles 
was done. Fibrids made with the external mix nozzle were 
much coarser than those made with the internal mix nozzle. 

The external mix nozzle does, however, produce a more rounded 
fibrid. Internal mixing seemed to produce more turbulence 
and delivered a significantly greater coagulant flow rate 
at any given pressure than did external mixing. This is 
graphically shown in Figure 10, 


TABT^E IV, - FIRST PIBRIDS FROM EXTERNAL MIX NOZZLE 


Sample 

25689-3- 


( 1 ) 


Coaqulant 

^low 


_ _ coagulant ^ts 

, Pressure Rate Thickness 
jMPa ) (psDirul/min) _(MP_a) (psi) (1/tnin) (mm) (mil) 


( 3 ) 

Air Flow 
Gurley 
( sec ) 


-4 

0.12 

(17) 

35 

1.59 

(230) 

1.65 

0.43 

(17) 

66 

-1 

0.32 

(47) 

75 

1.72 

(250) 

1.33 

- 

- 

- 

-2 

0.32 

(47) 

75 

2.07 

(300) 

1.82 

- 

- 

- 

-3 

0.12 

(17) 

35 

2.07 

(300) 

1.81 

0.18 

(7) 

875 


( 2 ) 


system consisted of nozzle 2050 with external mix cap 64 


Water temperature 24-26‘’C 


^^^Mats fabricated directly from initial fibrid slurry 



Internal Mix Nozzle 




External Mix Nozzle 
ure Q. - Mix Nozzle 

ORtQINAL PAQI II 
OF POOP -vxY 







Ratft colloctod from an oxportment whoro both noazloa wore 
uiod 1 b shown in Tables V nml VI, The ftbrids resulting 
from the conditions shown in Table V were formed with the 
external mix nozzle and appeared to be fibrous or rod-like. 
Increased coagulant proasuro (and corresponding flow rate) 
yielded finer fibrida. On the other hand, all of these 
samples were coarser than wore the samples obtained under 
the conditions reported in Table VI which wore made with 
the internal mix nozzle. Equipment limitations with the 
external mix nozzle prevented higher pressure operations 
to further reduce fibrid size. Mats made from this series 
of experiments with the external mix nozzle were coarse, 
fibrous, and too porous to allow bubble pressure measure- 
ments within the desired 0.14-0.21 MPa (20-30 psi) range 
for fuel coll separators. 

Samples in Table VI are listed in the order of increasing 
coagulant pressure which appears to be related to "fine- 
ness". Due to the heterogeneous nature of the fibrida, micro- 
scopic examination of the samples was tedious and subjective. 
Rather, visual observation could rank the samples into an 
order which correlates with the coagulant pressure. Coarse 
samples such as those resulting from the external mix condi- 
tions in Table V sank in the jar, while fine ones entrained 
sufficient air so that they floated. Thus, flotation and 
settling characteristics allowed sample ranking. 

Half gallon sized samples were obtained which provided 
sufficient solids so that mats could be made on a 12.8 cm 
fritted glass filter. All of these mats were formed di- 
rectly from the original fibrid slurry. One water rinse 
was given to each mat after formation but it was undoubt- 
edly insufficient to completely remove all of the DMAc 
solvent. Mats were blotted and allowed to air dry while 
under a weight between sheets of filter paper. Wrinkling 
occurred at the edges, thus all measurements were made near 
the center. These mats resemb’o a strong, light brown, 
coarse paper in appearance and feel. 

Permeabilities of the samples produced under the conditions 
shown in Table VI were obtained by both Gurley (air flow) 
and bubble pressure measurements. Circular samples (2.54 cm) 
were die cut for bubble pressure measurements and were 
soaked in 40% aqueous KOH overnight. The pressure limit for 
the apparatus (a Millipore filter holder) was 0.21 MPa due to 
the use of rubber tubing for making connections. The limited 
bubble pressure data, however, does show some correlation with 
the Gurley air flows and highlights the samples of interest. 


1 •. 
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TABr^E V. - PBI I.'tnRtDfl MADE WITH EXTERNAI, MIX N0EEI.K<1' 


Sample 

25689-17- 

^rossi 

(MPa) 

Dope 

(^} 


Coagulant 

(3) 

irc 

(pai) 

Flow Rato 
(ml/min) 

Prosauro 
(MPa) (tjsi) 

^low Rate 

( 1. yrnl f\ \ 

"1 

0.19 

(28) 

27.7 

1.21 

(175) 

1 . GG 

-2 

0.19 

(28) 

27.7 

1.21 

(175) 

1.71 

-7 

0.33 

(48) 

43.4 

1.24 

(180) 

1.74 

-3 

0.21 

(30) 

27.7 

1.G5 

(240) 

2.01 

-4 

0.21 

(31) 

27.7 

1.72 

(250) 

2.00 

-8 

0.33 

(48) 

43.4 

1.65 

(240) 

2.04 

-9 

0.33 

(48) 

43.4 

1.65 

(240) 

2.04 

-10 

0.33 

(48) 

43,4 

2.28 

(330) 

2.36 

-5 

0.22 

(32) 

27.7 

2.34 

(340) 

2.38 

-11 

0,33 

(48) 

43.4 

2.52 

(365) 

2.44 

-6 

0.25 

(36) 

27.7 

2.55 

(370) 

2.57 


^’moasIo 2050, -,MP 64 - spraylnq SyatomB Co., Wheaton, illlnol 
( 2 ) 


(3) 


PDl dope - 11. G% solids in DMAc, 4.1 poise @ 25»C 
(Urookfiold RTV - #1 10 RPM) ^ 

Water 12 - 13“C 
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TABLE Via. - PBI FIBRIDS AND MATS MADE WITH INTERNAL MIX NOZZLE 


Sample 

25689-17- 


Dope<2> 


Coagulant 

(3) 

Pressure 
(MPa) (psl) 

^low Rate 
(ml/min) 

Pressure 
(MPa) (psi) 

Flow Rate 
(1/min) 

-21 

0.28 

(40) 

33.7 

0.97 

(140) 

2.11 

-16 

0.31 

(45) 

42.3 

1.10 

(160) 

2.33 

-17 

0.26 

(38) 

33.7 

1.62 

(235) 

. 2.69 

-18 

0.28 

(41) 

33.7 

1.62 

(235) 

2.68 

-12 

0.32 

(47) 

42.0 

1.65 

(240) 

2.65 

-13 

0.34 

(49) 

42.3 

1.65 

(240) 

2.92 

-19 

0.32 

(46) 

33.7 

1.93 

(280) 

2.93 

-20 

0.32 

(47) 

33.7 

1.96 

(285) 

2.91 

-14 

0.34 

(49) 

42.3 

1.96 

(285) 

2.97 

-15 

0.34 

(49) 

42.3 

1.96 

(285) 

2.95 

^^^Nozzle 

2050, 

cap 73160 

- Spraying Systems Co. 

, Wheaton , 

^^'PBl dope - 11 

m « 

.6% solids in DMAc, 

4.1 poise @ 

25«C 


{Brookfield RTV - #1 @ 10 RPM) 
(3)Water 11 - 12*C 


Illinois 
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TABI.R VIb. 


pni PiniUDS AND MATS MADK WITH INTERNAL MIX 


Mats 


Sample 

25689-17- 

^Teknoss 
(mm) (mil) 

Air Flow 
Gurley (sec) 

Bubble 

(MPa) 

Pressure 

(psi) 

-21 

0.25 

(10) 

1.6 

0.021 

(3) 

-16 

0.38 

(15) 

1.8 

0.069 

(10) 

-17 

0.20 

(8) 

68 

-0.21 

(>30) 

-18 

0.20 

(8) 

30 

>0.21 

(>30) 

-12 

- 

- 

- 

- 

- 

-13 

0.28 

(11) 

94 

0.14 

(20) 

-19 

- 

- 

- 

- 

- 

-20 

0.20 

(8) 

93 

>0.21 

(>30) 

-14 

0.20 

(8) 

132 

'0.21 

(>30) 

-15 

0.38 

(15) 

87 

>0.21 

(>30) 

^^^Nozzle 

2050, c 

ap 73160 

- Spraying 

Systems Co 

. , Wheaton 


( 4 ) 

Mata ware formed on a .12,5 cm diameter fritted glass funnel 
and were washed once with water. All DMAc was not removed. 

(•5) 

nubble proHsuro in 40-A aqueous KOH. Samples soaked overnight. 
Pressure limit of apparatus is 0.21 MPa (30 psi) . 


3G 


c. 


Preparati on of Low Shrinkage M/l^Q 


® directly from the original fibrid aua- 

in witSr* generally contained about 0.2% PBI fibrids 

and Soaculant^®??^^^ flow rate of the dope 

suspensLn! lach mat waa 

that PBT holds ime tenaciously and it is hiahlv inlikolS 

sufficient to te^TC tte aSijeni^ 
completely, one relatively easy technique for DMAc removal 
is by washing the fibrids or mats with hot water i^hhr 

aaSpurin'waJe?.""® accomplished by boiling the 

ma?'’S?trS 25699-17-21, (Table VI) which made a 

foSr bubble pressure, was boiled 

mi”'®® water. Expectations were that it would be- 
come njoro porous and this was shown by samples - 31 - 2 a 

J‘^‘^^tional mats were mLe of slurry -17-21 

Table^vi reported in 

laoie VI. In addition, to test rewettabili tv a 

® redispersed 

iC i 5 ^gain formed into a mat. in this way, it was 

process in which wet fibriL were 

in Table VTT ^?h "'®^® is 

did^shoS sample, containing residual DMAc, 

di 9 nJr«?n« porosity due to the additional 

coSiralSo hrfnvi?”‘a Presence of residual solvent 

Shit swi??en r ®^”®® *^^® fibrids could bo in a some- 

ShS^ thS fiSrld« «^°«trast, little change was noted 

wnen the fibrids had been boiled in water and presumably 
no longer contained residual solvent. ^ 

outstanding result of the boiling operation was 

softer mats which were somewhat more fragile 
color than the unwashed mats. This soft- 

th^reoLn^/SSA ® reduction in adhesive bonding which 
the residual DMAc may effect during mat drying along with 

low shrinkage, in jiny event, 
reduced in half when the 
treated so as to remove solvent. The bolLing 
presumably causes a certain amount of pro- 
to occur, thus alleviating the shrinkage problem 
that takes place during the drying of the mats. 


.17 


1 



TABLE VII, - FIBRID TREATMENTS 


I 


Sample 

25689- Treatment 


Air 

. , Flow Bubble 

Thickness Density Gurley Pressure 
(mm) (mil) ( g/cm3) (sec) (MPa) (psi 


Diam- Shrink- 
eter age 


-31-lA 

' ^ None 

0.41 

(16) 

0.29 

1.0 

. . 021 

(3) 

10.3 

17.5 

-IB 

Redispersed 

0.36 

(14) 

0.34 

8.5 

0.034 

(5) 

10.3 

17.5 

-2A 

Boiled in 
Water 

0.46 

(18) 

0.21 

0.3 

0.021 

(3) 

11.5 

8.0 

-2B 

Boiled in 
Water and 

0.36 

(14) 

0.22 

0.3 

0.014 

(2) 

11.5 

6.0 


Redispcrsed 




^^^Made from fibrid 25689-17-21 
( 2 ) 

Duplicate of 25689-17-21 (Table VI) 


j 

i 
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sK Views are 

brid slSrrv directly from the fi- 

overall "skinned" look duetto the re- 
on^d?iino^''®ShA*”^ the deswellirtg and shrinkage which occurs 
,^^®®® samples are relatively stiff compared to 

blender, and then forming a new mat does not 

FigSJe^ir ® ^^® ®® revealed in 

cigure Boiling of the fibrids in water several times 

to remove residual solvent and to densify the fibrids orior 

to making a mat, aignifieantly change. tte aSriaoro? the 

mat producing a more open structure. In addition to makino 

a more porous structure, the mats were softer and eShibit2d 

tSe^™Soiua"«S|lel!'' *'•“ “ ” 

‘•'P internal mix 

U *^°p® before. Conditions were 

samples 25689-17-16 and -13 which gave 

respectively (Table VI). 
samples were taken (only about 2.5 gallons 
of”aeverai^A??®‘^ because Of foaming) which allowed work-up 

As shown below, calculated water 
these longer timed samples are not consistent 
?nr Pressures or with the flows obtained previously 

short timed runs. On the other hand, these 

certainlv latent with later experiments and 

^^® greater accuracy of measurement ob- 
tainable with a larger (longer timed) sample. 


Dope 


Sample 


Pressure 


Flow Rate 
(ml/min) 


25689-35-1 0.43 (63) 44.9 

-2 0.52 (75) 45.5 


Coagulant 

F^ow Rate 

Pressure (1/min) 
4Pa) (psi) 


1.10 (liO) 


3.73 


1.65 (240) 3.59 


In addition to boiling these samples to remove DMAc, both 
were azeotropically distilled with toluene to "dry the fi- 
brids and to provide the maximum preshrink as well. While 
®'Jg}o"'e^ation occurred during this process, dispersion 
blender was sufficient to break it up. Loose 
fibrids were allowed to air dry overnight and were found 
to be readily redispersed in water to form mats. Properties 
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Mat 25689-31-IB Hade from Redispersed Pibrids 















I 


of mats made from each stacfe of the sample are shown in 
Table VIII, 


SEM's of mats made directly from the slurry look like Figure 
11. Samples which were boiled also looked similar to Figure 
11 rather than to Figure 13 as expected. Shrinkages were 
found to be similar to the -31 series, 18.4% vs. 17.5% 
for the direct slurry samples and 10 vs. 8% for the boiled 
samples. The azeotropic dewatering with toluene reduced 
the shrinkage to 1% and produced very soft supple samples 
as shown in Figures 14 - 17. Mats made from fibrids -35-1 
appear coarser than mats made from fibrids -35-2. (Compare 
Figure 14 and 15 with 16 and 17.) This was expected since 
the coagulant pressure for -35-2 was higher, 1.65 vs. 1.10 MPa 
(240 VS. 160 psi)^ however, the bubble pressure data show no 
«iff6rence. It was thus shown to be feasible to produce a 
dry fibrid which could be redispersed in water to make 
mats which can be dried with little shrinkage. However, 
the drying" processes do increase the porosity and lower 
the density of the mats, an effect which must be compensated 
for during fibrid preparation. 


The remainder of sample 25689-35-2, which had not been made 
into mats, was boiled in four changes of water, slurried 
with toluene and the water azeotropically removed, filtered 
and oven dried. Pictures of this dry fibrid sample, re- 
numbered 25689-41, are shown in Figure 18. This material 
was easily redispersed in water to form a slurry suitable 
for making mats. 


Since both samples -35-1 and -2 produced mats with low bubble 
pressures, another fibrid run was made to prepare additional 
samples at higher water pressure. Except for the water 
pressure, conditions for making 25689-43-1 and -2 were the 
same as for -35 -2. Samples -43-1 and -2 were combined, 
boiled with water, azeotroped with toluene, filtered and 
air dried. A finer internal mix water cap was used to 
prepare samples -43-3 and -4 in hopes of obtaining even 
greater shear during fibrid formation and thus form finer 
fibrids. The finest external mix nozzle and cap were also 
tried (-43-5 and -6) in order to evaluate their performance. 
Table IX shows the conditions used. 

Mats were made from each of these materials. Mats at three 
different weights were also made from each of the dried 
fibrid samples, -41 and -43-(l,2). Two 2.54 cm disks were 
cut from each sample, one to measure the bubble pressure 




I 

I 


I 
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TABLE VIII. - SEQUENTIAL PIBRID TREATMENT 


Sample 

25689- 


Treatment 


Air 

Plow Bubble 

Thickness Gurley Pressure 
OjP) (roll) (sec) (MPa) (psl) 


Diam- Shrink- 
eter age 
(cm) (%) 


35-1 As Made 


0.38 

(15) 

2.5 0.021 

(3) 

10.2 

18.4 

Boiled in 

Water 

0.41 

(16) 

1.0 0.021 

(3) 

11.2 

10 

Boiled in 
-(■toluene 

Water 

0.66 

(26) 

1.0 0.007 

(1) 



35-2^^^ As Made 


0.15 

(6) 

600 >0.14 

(>20) 

10.2 

18.4 

Boiled in 

Water 

0.33 

(13) 

18 0.021 

(3) 

11.3 

10 

Boiled in 
■(■toluene 

Water 

0.66 

(26) 

1 0.007 

(1) 

12.4 

1 

Boiled in Water 
•(■toluene dried, 
redlspersed in 

HjO 

0.36 

(14) 

1.5 0.021 

(3) 




( 1 ) 


Duplicate of 25689-17-16 1.10 MPa (160 psi) 

( 2 ) 

'Duplicate of 25689-17-13 1.65 MPa (240 psi) 
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TABLE IX. - PBI PIBRID SCOUTING 


Dope Water 


Sample Pressure 

25689-43- (MPa) (psi) 

Flow Rate 
(ml/min) 

Pressure 
(MPa)_ (psi) 

Flow Rate 
(1/min) 

-1^^^ 0.71 

(103) 

46.8 

2.00 

(290) 

3.90 

-2 0.55-0.83 

(80-120) 47.6 

2.00 

(290) 

3.89 

-3^^^ 1.02 

(148) 

46.6 

1.76 

(255) 

2.70 

-4 1.02 

(148) 

46.6 

2.14 

(310) 

2.98 

-5^^^ 0.92 

(133) 

45.6 

2.14 

(310) 

1.85 

-6 0.88 

(128) 

46.4 

2.69 

(390) 

2.21 

Samples 1 and 2 were combined, 
nozzle 2050 with 73160 cap. 

Made with internal mix 

(2i 

'Samples 3 and 4 

were 

made with 

the same 

nozzle 

as above 


but with a smaller cap, {67417) hence the lower water 
flow rate. 

( 3 ) 

Samples 5 and 6 were made with the smallest external mix 
nozzle and cap (1650, 64). 


«nd th« othar to obtain drying and moiiture ragain data. 

Thaie aampltt wara driad at 150»C at lo iwn Hq and than al- 

laboratory. Prom this 
originally air driadi was 
thamoiature ragain and the dry density. 
Tables X and XI. Improved accuracy ^ 
can be obtained by using larger samples. ^ 

although -43- (1,2) should be finer than 
-41, and the mat densitia^ upon air drying confirm a slight- 
ly more dense structure for -43-(l,2), the bubble pressure 
and air permeability tests (Gurley) do not show much differ- 
ence. Table XI shows that -43-4 made at high pressure with 
A fine water cap produces a high density, high bubble pressure 
mat while the external mix nozzle samples, -43-5 and -6, 
produce very low density low bubble pressure mats as expected. 
It must be noted that all the samples in Table XI were made 
from the original suspensions and would be expected to pro- 
duce more porous mats after being boiled, azeotroped, and 
dried. 


-n order to further characterize fibrid formation, washing, 
a.-.d azeotroping, sample 25689-43-5 was analyzed for its DMAc 
content and was then washed with water and azeot^opically 
dried with toluene. Another sample of the same fibrid was 

simply azeotroped with toluene omitting the water washing 
step. ’ ^ 

of Table Xf 1, the fibrid slurry, as madev contains about 

2% DMAc, almost evenly divided between the solid and liquid 
phases. The water washing followed by azeotropically drying 
left a toluene slurry which contained only 0.15% H,0 with a’ 

DMAc. After filtration and air drying the 
fibrids were found to contain 0.8% DMAc. 


is 


residual DMAc is probably typical of 
the dry fibrids which we have been producing even though 
this is a coarse sample. A permissible level of residual 
solvent would have to be defined compatible with end use 
performance, in the fuel cell application, for example, it .ls 
nov known whether DMAc acts as a poison and, if it does, whether 
there is a concentration below which the catalyst would no longer 

necessary, extensive washing with water 
can be expected to reduce the residual level substantially, nhen 
nwf water wash was omitted and the fibrids simply azeotroped, the 

dried fibrids was 1.8%, close to the originnl 
D^c^aolvent^*'^ with several changes of toluene might remove the 
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TABLE Xa. - EVALUATION OP PIBRID MATS 

MADE PROM DRY PIBRID SAMPLES 


Sample 

2S689> 

Thickness 
(mm) (mil) 

-41 

0.23 

(9) 


0.33 

(13) 


0.38 

(15) 

-43-(l,2) 

0.23 

(9) 


0.33 

(13) 


(15) 


Density 

(ct/cmh 

Shrinkage 
on Drying 
(%) 

0.19 

0 

0.22 

4 

0.25 

0 

0.22 

4 

0.26 

6 


0.38 


0.28 


6 



On 2,54 cm Disks 


Sample 

25689- 

Air Dried 
Moisture 
Content 

m_ 

Moisture 

Regain 

Dry 

Density 

(q/cm3) 

Air Plow 
Gurley 
(sec) 

Bubble 
Pressure 
(MPa) (psi) 

-41 

45 

5.2 


mm 

0.055 

(8) 


24 

9.3 

0.20 

8.1 

0.069 

(10) 


28 

7.2 

0.19 

3.9 

0.055 

(8) 

-43-(l,2) 

22 

5.7 

0.16 

2.6 

0 

(0) 


27 

10.3 

0.19 

11.3 

0.083 

(12) 


13 

9.3 

0.18 

9.2 

0.083 

(12) 


i 



TABLE XIai - EVALUATION OF MATS PROM 25689-43^^^ 


Sample 

25689-43- 

Thickness 
(mm) (mil) 

Density 

(g/cm3) 

Shrinkage 
on Drying 
(%) 

- 3 ( 2 ) 

0.28 

( 11 ) 

0.26 

16 

- 4 ( 2 ) 

0.23 

(9) 

0.35 

14 

-5(3) 

0.58 

(23) 

0.11 

2 

-6 ^3) 

0.46 

(18) 

0.14 

8 


^^^Mats were prepared from the original fibrid slurries. 
( 2 ) 

Internal Mix, 2050 with Fine cap 67147 
(3) 

'External Mix 1650 with 64 cap 
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TABLE Xlb, - EVALUATION OP MATS PROM 25609-43^^^ 


On 2.54 cm Dlaks 
Sir brled 


Sample 

5689-43- 

Moisture 

Content 

ill. 

Moisture 

Regain 

(%) 

Dry 

Density 

ig/cm^) 

Air Flow 
Gurley 
(sec) 

Bubble 
Pressure 
(MPa) (oai) 

-3<2) 

18 

6.6 

0.22 

3.6 

0.021 

(3) 

-4 (2) 

33 

7.8 

0.30 

144 

0.10 

(15) 

-5 

11 

6.9 

0.12 

<1 

0 

(0) 


14 

4.2 

0.19 

<1 

0.021 

(3) 


Mats were prepared from the original fibrid slurries. 

( 2 ) 

Internal Mix, 2050 with Pine cap 67147 

(3) 

'External Mix 1650 with 64 cap 


TABLE XII. - WASHING OP PIBRIDS 


Sample 

Treatment 

DMAc 

Content ( % ) 

25689-43>5 

Liquid 

Solid 

As made 
As made 

2.3 

2.0 

25946-IB 

Liquid 

(toluene) 

Above boiled H20-4X 
Azeotroped with toluene 

N.D. 

25946-IB 

Solid 

Air dried solid 
from above 

0.8 

25946-lC 

Liquid 

(toluene) 

25689-43-5, not H-O washed 
Azeotroped with tSluene 

0.08 

25946-lC 

Solid 

Air dried solid 
from above 

1.8 


HjO 

Content (%) 


0.15 


0.18 
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fo? Baraples were washed and dried to provide mats 

to be ® bubble pressure of 3 psi and appeared 

porous open material desired forthealkl- 
'This sample, -43-6; was Sate? Sashed 

JSf®i.?®^?”®®j compact it. As shown in Table xiit 

dmsi?i*2nrSShJ?i:'’^* ’'** » somewhat high« ' 

aensity and bubble pressure than the other (un-calendered^ 

Sf SiSilai°J! etreS^th” ?? sSeSa ?o 

Similar to the Pellon 2506 reference sample in permeability. 

prepared from 25689-43-4 which was 

Mi/sn ss?* 

Mats produced from dried fibrids prepared from -43-4 were 

pSrSd^^fSSS thf 5 ?k P*'®®sure than those pre- 

fibrid slurry. Calendering seemed to be more 

sample (-21D) than for the 

sample made directly from the slurry (-21B) . Neither of 

Thtll from dry fibrids wrinkled upon drying. 

These results are shown in Table XIV. ^ ^ 

fibrid sample 25689-43-1,2 was washed 4 times with 

The distillation with toluene. 

The resulting dry fibrid was relabeled 25689-44. A 14 oram 

bSbhl? fibrid was shipped to NASA-Lewis to make high 

these flb?ldS’'®n,r?^® evaluation in fuel cels. Prom 
Thf iw prepared for calendering studies. 

^?®®S "*®*^® normal fashion while 

? Itt calendered to reduce its thickness by 5 mils. 

order to experiment with different 
calendering procedures, redispersing the mat for each trial. 

XV that multiple redispersings of 

« Sv:? ^ 

be£o?rbe“| dHpe^ed!"*’' ‘‘'® thoroughly rewetted 
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TABLE XIII, - EVALUATION OF LOW BUBBLE PRESSURE MATS 


Shrink- 
Basis age Air 

„ V Thickness Density Weight Drying 

Sample^ ' (imn) (mil) (g/cm^) (g/m^) (%) 

25946-17A 0.61 (24) 


25946-17B 

(Calendered) 

0.48 

(19) 

Pellon2506 

0.18 

(7) 


0.10 

61 

1 

0.12 

58 

0 

0.36 

63 

. 


Air 

Flow Bubble 
Gurley Pressure 


(sec) 

(MPa) 

(psi) 

0.1 

<0.0069 

(<1) 

0.1 

0.0069- 

0.021 

(1-3) 

0.3 

0-0.021 

(0-3) 


^ These mats were produced from sample 25689-50 which was a 
washed and azeotropically dried sample of 25689-43-6. 

( 2 ) 

'Supplied as a reference by NASA-Lewis. 
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TABLE XIV, - EVALUATION OP CALENDERED MATS 


Thickness 
Sample (mm) (mil) 

25689-43-4 0.23 (9) 

(Table XI) 

Shrink- 
Basis age Air 
Density Weight Drying 
(g/cm^) (g/m2) (%) 

0.35 - 14 

Air 

Plow 

Gurley 

(sec) 

144 

Bubble 
Pressure 
(MPa) (psi) 

0.10 (15) 

25946-21A 0.15 

(thin repeat 
of above) 

(6) 

0.31 

47 

11 

34 

0.062 

(9) 

25946-21B 0.14 

(as 21A but 
Calendered) 

(5.5) 

0.33 

46 

14 

74 

0.076 

(11) 

25946-21C 0.25 

(from 25689- 
43-4 fibrids, 
washed, dried) 

(10) 

0.19 

49 

5 

1.1 

0.041 

(6) 

25946-21D 0.19 

(as 2 1C but 

(7.5) 

0.27 

52 

1 

14 

0.090 

(13) 


Calendered) 


TABLE XV«. . EVALOATION OP DRV PIBRIDS FOR FUEL CELL APPLICATION 


Sample Thickness 
25946"14- /mill 


0.36 (14) 

/ 0*23 (9) 

(-14-1-Calendered) 

( 10 ) 

(Redispersed and 
calendered several 
times) 


Density 

(q/cm^l 

0.19 

0.29 

0.25 


Basis 

Weight 

Wjnh. 


Shrinkage 
Air Drying 
(%) 


Dry Calendered Samples 
25946-14-1 0.23 

25946-14-2 0.15 

25946-14-3 0.15 


0.23 

(9) 

0.29 

0.15 

(6) 

0.38 

0.15 

(6) 

0.43 


25689-44 produced from 
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table XVb. . EVALUATION OP DRY FIBRIDS FOR FUEL CELL APPLICATION 


- , (1) Air Flow 

Sample Gurley 
25946-14- (sec)^ 

Bubble 
Pressure 
(MPa) fosi) 

Tensile 

Strength 

/MDa \ i \ 

"1 4.4 

0.041 

(6) 

1.20 

- 

(174) 

"2 40 

(-14-1-Calendered) 

0.14 

(21) 

3.03 

(440) 

“3 25 

(Radiapersed and 

0.069 

(10) 

2.16 

(314) 

calendered several 





times) 





Dry Calendered Samples 





25946-14-1 

0.076 

(11) 



25946-14-2 

0.21 

(30) 



25946-14-3 

0.069 

(10) 




fibrid. 35689-44 produced from 

( 2 ) 


waking was at followti Por a 

to about *^500^™i*of 5*^^ fibrlda wart added 

to about 500 ml of water and allowed to toak for an hour. 

WarilnS^bleJdlS ‘*^!E**^**J "P*®** ^ nlnutea in a 

riJ!S5]fi^5SSm^!?k* 1^*® f”* coarte fritted glats funnel, Aftor 

paper ^ ?f Sa^lSd^S25*^^^^5* with filter 

a tet*of^rQiii 1?*!I P®**®** aaveral timet between 

^ being tandwiched between filter 
SKIf* 5*^y}**9 wat again done between filter paper using 

mat fJatf ® * weight on top to keep the^ 

If®'® equilibrated at 50% RH 
were then weighed and measured; the Gurley 
determined and a 15 mm atrip cut for a tentile^ 

^^‘® a 2*54 cm diameter disk was cut 

SSf.InJi jvernight in 40% KOH before obtaining a bubble 

Mmplet exhibited a tensile strength suf- 
eJti!2"if handling, m fact, the prop- 

fuel cell requirements for the 

0 14 MPa K'ui? 0*23 mm {9 mil) thick, 

teitilS st^ingthl pressure with a 3.03 MPa (440 pai) 

compressed the samples to 
thickness, consequently we took another 
piece of each dried mat and compacted it dry with the 
calender rolls. This again raised the bubble pressure. 

thus appears that either wet or dry calendering or a 
combination thereof will facilitate production of PBI mats 
from dry fibrids with the desired properties. 

!®"‘P^® fibrids, similar to 25689-44 

ThoSi to NASA-Lewis, was prepared. Table XVI 

?®^® ®® ”®^^ ®® three other samples 

which were made at the same time to explore once again 

combinations. Nozzle No. 1650 is^ smaller 

th?jT ^hA “®®f ®®P smaller 

”® tried a system with 

43?3?^522?I*^tS? *i® «maller cap (as we had with 25689- 

S3 j; Table IX) at similar pressure expecting to attain 

no!!le%hoSld 25®! Using a smaller 

nlllil ^ ? imaller fibrid, and using the smallest 

2222ilAS^25 522 a coagulation pressure attainable was 

the finest possible fibrids which could 
be made with an external mix nozzle on the system. 
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TABLE XVI. - PREPARATION OP PBI PIBRIDS 


Sample 

25946-29- 


- 1 , 2 , 3, 4 


(5) 


-5,6 

-9,10 

-7,8 


Spray 

Nozzle 

Cap 

73160 

2050 

2050 

67147 

1650 

67147 

1650 

64 


Dope 

i^essure 


(3) 


Wat er 

Plow Pressure 


( 4 ) 


Flow 


» mvvr A * w 10 a w A* •LWti 

jMPa) (psl) jg/min) (MPa) fpsi) (1/mln) 


0.76 

(110) 

42.6 

2.00 

(290) 

3.86 

1.03 

(149) 

44.6 

2.07 

(300) 

2.62 

1.03 

(149) 

45.1 

2.24 

(325) 

3.04 

1.02 

(148) 

45.5 

2.59 

(375) 

2.39 


( 2 ) 

internal mix except for 

1650/64 which IS external. 


(3) 

(4) 
<5) 


Dope viscosity, 4 poise, '\.10% solids. 
Water temperatures, 14-15®c. 

Repeat of 25689-43-1,2 (dried as 25689-44) 


«*.otropi«lly dl.tUUng ?h. 2«« ?«n ^ 

iS^ss!! 55?; 'r . 

calenderin”^?^®*^ prepared, ab noted previously 

on the Jize aSd^22?iJ5: calculated based 

?he®?25ii?5 converted Just from one to th? oth5r. 

StriJ t^Mil? dSta*;; iSoiPa^S ?" ? “^"Sle 15mm etrlp. 

srS!S; »*5»ss .t:'“ 

S1J1.:SKK 

be finer and would thus have better properties. 

^*^® ®xternal mix nozzle (-7,8) were 
be too coarse and short to produce a mat with 

with^fiSeJ strength to test. Blending of these 

loieio^hnSKif^^ however, might be a method producing 

rtail ^p5li«IIon!“” *^’'*“"* *>“'=“1’ «P«- 

Low Bubble Pressure Mat a 

whlSh ® fibrid could be produced 

Si!?f yj**)® P«““« “ato tor fuel cell el^rSow! 5 

lo«*hnhhi f°S“® "** to the preparation of flbrids with 
low bubble pressure suitable for producing alkaline beffpifw 
separators, sample 25689-35-1, wSch was^deeSihSJ ^ 

oharaoterited in Table Vlli; «emi tS fSJfill ?J^?n2"?uhMa 

wae*availahle^’^f"'52**i<v.*}J*“''®’' * "atted sample of 35-1 
p^ Zu^i®' ® fibrid sample was made of sufficient 

"""‘"r °i "Plitate mat. coSld be mSdST in 
?^® for the alkaline battery separator 

Sive^rhlSh^hubK?® "*®‘*® conditions that woSld ' 

pnn? 4 ? Zd bubble pressure as desired in the fuel cell 


TABLE XVIIa. - EVALUATION OF DRY PBI PIBRIDS^^^ 


► 


Pibrids 

25946-29> 

Mat 

25946- 

Treat. 

Thickness 
(mm) (mil) 

Density Basis Weight 
(o/cm^) (o/m2^ 

-1/2, 3, 4 

36-1 


0.35 

(14) 

0.18 

64 

-1/2, 3,4 

36-2 

+ 

0.17 

(6) 

0.36 

61 

-5,6 

38-1 

- 

0.51 

(20) 

0.13 

68 

“5,6 

38-2 

+ 

0.22 

(9) 

0.30 

67 

“9,10 

38-5 

- 

0.10^^^ (4) 

0.65 

65 

-9,10 

38-6 

+ 

0.15 

(6) 

0.43 

64 

-7,8 

38-3 

- ) 





-7,8 

38-4 

. 1 

too fragile to test 



^Please see Table XVI for fibrid preparation conditions. 

( 2 ) 

+ indicates a calendered sample , - indicates no treatment. 
(3) 

Sample was severely tapered, thus strength and density data 
are unreliable. 


I 
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TABLE XVIIb. - EVALUATION OP DRY PBI PIBRIDS^^^ 


Mat 

25946- 

Tensile 
Strength 
(MPa) (psi) 

Strip 
Strength 
(g/cm) (#/in) 

Airflow 

Gurley 

(sec) 

Bubble 
Pressure 
(MPa) (psi) 

36-1 

1.15 

(165) 

413 

(2.31) 

3.9 

0.055 

(8) 

36-2 

5.04 

(796) 

853 

(4.78) 

38.5 

0.090 

(13) 

38-1 

0.20 

(28.6) 

102 

(0.57) 

<1 

0.0 

(0) 

38-2 

0.78 

(110) 

177 

(0.99) 

1.6 

0.048 

(7) 

38-5 

0.80 

(120) 

87 

(0.5) 

<1 

0.041 

(6) 

38-6 

3.86 

(548) 

587 

(3.28) 

39.9 

0.076 

(11) 


Please see Table XVI for fibrid preparation conditions 


TABLE XVIIl, - PREPARATION OF PBI FIBRIDS 


( 1 ) 


Dope 

Flow 


Watar 


"Flow — 

Pressure Rate Viscosity Pressure Rate 

,(MPa? ( psi) iaZmjjll jpoise) (MPa) (psi) (1/niin) Remarks 


-2,3,4 


-5,6,7 


( 2 ) 


<3) 


-12-13 


0.43 

(63) 

47.5 

4.1 

1.17 

(170) 

2.33 

Battery 

Separator 

0.43 

(63) 

48.6 

4.1 

2.07 

(300) 

3.02 

Fuel Cell 

1.03 

(149) 

48.3 

25 

2.00 

(290) 

3.03 

Battery 
Separator- 
coarse fiber 

1.03 

(149) 

48.3 

25 

1.38 

(200) 

2.38 

Very long 
coarse fiber 


All samples made with internal mix nozzle 2050 and cap 73160. 

12 ) 

'k duplicate of 25689-35-1. 

( 2 ) 

'k duplicate of 25946-29-1. 


Samples were made under two different conditions with a 
higher viscosity dope (25 poise vs. 4,1 poise approximately 
15% vs. 10% solids) , As expected, significantly long<#r fi- 
btids were produced with the higher viscosity dopes. These 
may be useful for blending to improve the strength of mats 
made with finer flbrids. 

These fibrids were worked up in the standard fashion by boll” 
ing with water to remove residual dlmethylacetamide , and then 
azeotropically dried in toluene. Final drying was done in 
an oven. The resulting "Dry” fibrids were assigned notebook 
numbers 26084-3, -4, -5, -6 respectively. 

Standard mats were made with 0.5 g of each of these fibrids 
on 12.5 cm filter paper. Of particular interest was the 
difference in mat properties between the fuel cell material, 

-4, and a slightly coarser variant, -3. The coarse fibrids, 

-5 and -6, made from the higher viscosity dope were considered 
of interest mainly for blending with the fine fuel cell mate- 
rial to increase porosity and strength while, at the same 
time, decreasing bubble pressure. Each of these samples 
was calendered while wet to a nominal 0.13 - 0.18 mm (5-7 mil) 
thickness. However these mats became somewhat thicker after 
drying. Visual inspection showed that mat -11-1 was of poor 
uniformity and that mat -11-4 was very weak probably due to 
the coarse fibrids. 

Table XIX ranks the mats in order of increasing fibrid coarse- 
ness and shows that the coarser fibrids, -5 and -6, produce 
mats which have a lower bubble pressure and strength. Con- 
trary to the original expectations, no particular advantage 
could be seen for the blended samples shown at the bottom 
of the table as compared with the others, although strengths 
are slightly higher. Additional mats were made with the fuel 
cell fibrids, -4, and the slightly coarser, -3, samples in 
order to determine the differences between them. All of these 
samples ended up quite thin and dense after calendering, 
leading to high bubble pressures. Again, as shown in Table XX, 
there is little difference between the two fibrids, suggesting 
that the fuel cell material may be suitable for both applica- 
tions, calendering fur high bubble pressure fuel cell mats and 
using a light weight uncalendered mat for alkaline battery 
mute. 

A 9-inch square sheet mold was constructed with which to fabri- 
cate the requisite number of mats required to be delivered un- 
der Tasks III and IV. Initial mats made with this apparatus 
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TABLE XlXa 


PROPERTIES VS. PIBRID COARSENESS 


Sample 

26084- 

Pibrid 

26084- 

Thickness 
(mm) (mil) 

Basis 

Weight 

(g/m^) 

Density 

(g/em3) 

Strip 

Strength 

(g/cm) 

-11-2 

-4 

0.18 

(7) 

38 

0.22 

75 

-11-1 

-3 

0.24 

(9) 

47 

0.20 

152 

-11-3 

-5 

0.20 

(8) 

41 

0.21 

46 

-11-4 

-6 

0.28 

(11) 

39 

0.14 

5 

-12-1 

60%-4 

0.16 

(6) 

42 

0.27 

124 


40%-3 






-12-2 

60%-4 

0.16 

(6) 

36 

0.22 

81 


40%-5 






-12-3 

60%-4 

0.18 

(7) 

43 

0.23 

98 


40%-6 


^ ^See Table XVIII for fibrid formation conditions. Pibrid -3 
derived from fibrids-2*>2, -2-3 and -2-4 after azeotropic 
drying. Similarly, -4 is the dried form from -2-5, -2-6 
and -2-7? -5, the dried form from -2-8, -2-9, -2-10 and -2-11? 
-6 dried form from -2-11 and -2-12. 


TABLE XlXb 


i 

! 


. - PROPERTIES VS. FIBRID COARSENESS 


Pibrid 

26084- 

Tensile 

Strength 

(MPa) 

Bubble 
Pressure 
(MPa) (pal) 

Air Flow 
Gurley 
(sec) 

Electrical 
Resistance 
(m-ohm cm*) 

-4 

0.47 

0.028 

(4.0) 

1.0 

85 

-3 

0.55 

0.024 

(3.5) 

1.6 

123 

-5 

0.23 

0.007 

(1) 

<1 

86 

-6 

0.018 

<0.007 

(<1) 

<1 

- 

60%-4 

0.77 

0.033 

t 

(4.8) 

5.5 

103 

40%-3 

60%-4 

0.50 

0.020 

(3.0) 

1 

61 

40%-5 

60%-4 

0.53 

0,032 

(4.6) 

1.2 

77 

40%-6 


See Table XVIII for fibrid formation conditions. Pibrid -3 
derived from fibrids -2-2, -2-3 and -2-4 after azeotropic 
drying. Similarly, -4 is the dried form from -2-5, -2-6 
and -2-7? -5, the dried form from -2-8, -2-9, -2-10 and -2-11? 
-6 dried form from -2-11 and -2-12. 

'Bubble pressure measured on 2.54 cm disk in 40% KOH after 
overnight immersion. 

( 3 ) 

'Electrical resistance determined in 40% KOH at 40 mA after 
overnight immersion. 
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TABLE XXa. - PROPERTIES OP ALKALINE BATTERY MATS 


Sample 

26084- 

Pibrid^^^ 

26084- 

Thickness 
(mm) (mil) 

Basis 

Weight 

(o/m<) 

Density 

(g/cm3) 

Strip 

Strength 

(c/cm) 

-16-2 

-3 

0.17 

(7) 

45 

0.39 

270 

•H 

1 

VO 
■ — 1 
1 

-3 

0.09 

(4) 

41 

0.46 

153 

-16-3 

-3 

0.11 

(4) 

33 

0.32 

11.6 

-16-5 

-4 

0.09 

(4) 

36 

0.40 

191 

-16-6 

-4 

0.09 

(4) 

36 

0.39 

217 

-16-4 

-4 

0.10 

(4) 

28 

0.30 

95 


See Table XIX for fibrid preparation conditions. 
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TABLE XXb. - PROPERTIES OP ALKALINE BATTERY MATS 


Sample 

26084-16- 

Tensile 

Strength 

(MPa) 

Bubble 
Pressure 
(MPa) (DSi) 

Air Flow 
Gurley 
(sec) 

Electrical ^ 
Resistance 
(m-ohm cm2) 

-2 

2.3 

0.11 

(16) 

43 

122 

-1 

1.7 

0.096 

(14) 

45 

109 

-3 

1.1 

0.061 

(8.8) 

4.7 

72 

-5 

2.1 

0.11 

(16) 

39 

80 

-6 

2.3 

0.028 

(4) 

27 

62 

-4 

0.98 

0.14 

(20) 

5 

62 


( 2 ) 

Bubble pressure measured on 2.54 cm disk in 40% KOH after 
overnight immersion. 


( 3 ) 


Electrical resistance determined in 40% KOH at 40 mA after 
overnight immersion. 


ftro characterized In Table XXI. The flrat mat ihown in the 
Table# -14B1, turned out to be very thick :uid heavy. Since 
« uw?* calendered# the mat had a relatively low deneity. 

handling etrength were reasonable. Half 
of this material was then dry calendered to compact it and 
was renumbered -14B2, Tensile strength# bubble pressure, 
and density of the calendered mat increased. The electrical 
resistance decreased slightly. 

Prom these results# it was concluded that alkaline battery 
mats should be made with a basis weight of about 35 g/m*. 

To test this conclusion# mat# -15# was made with half the 
quantity of the coarser (-3) fibrid as was the mat, -14B1. 

A large set of steel calender rolls was used to compact the 
wet mat before drying. Using similar conditions, mat# -17, 
was made from the fuel cell grade of fibrids (-4). Both of 
these mats were strong, of reasonable density, and possessed 
low electrical resistance. A high bubble pressure was ob- 
tained for mat, -17# as had been found previously (Table XX) 
for the -16 series of mats made from the finer fibrids. 

This was exactly what was desired for fuel cell use. it 
may be that less calendering could produce the required low 
bubble pressure alkaline battery mat from the fine fibrid. 
Conversely# preparation of high bubble pressure fuel cell 
mats by heavy calendering of mats made with the coarser 
fibrids may be a better choice. 

A review of the data in Table XXI showed that fibrid 26084-3, 
made at 1.10 MPa (160 psi) coagulant pressure# was capable 
of producing mats with the requisite properties for alkaline 
battery separators. The mat made with the fine fuel cell 
fibrids (26084-4) which was made with 2.07 MPa (300 psi) 
coagulant pressure easily produced high bubble pressure mats 
as desired for fuel cells. 

Attempts to produce lower bubble pressure mats from the 
fuel cell fibrids were not successful. As shown in Table 
XXII# five additional large mats were made from the -3 
(1.10 MPa) fibrids# and two from the latest batch of -4 type 
(2.07 MPa) material. Again the measured properties of the 
mats made with the -3 fibrids fit the general criteria of 
bubble pressure and thickness desired. Samples 3A and 4A, 
respectively# represent portions of samples 3 and 4 which 
were dry calendered to reduce their thickness and increase 
sample density. The bubble pressure seems to have remained 
below 0.034 MPa (5 psi) target maximum. 
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MBLE XXt,. - rnLUATION OP LARGE ALKALINE BATTERY MATS 


Sample 

26084- 

Pibrid^^^ 

26084- 

Thickness 
.(mm) (mlli 

Basis 

Weight 

Ig/m2) 

78 

Density 
/cr/ew3 \ 

Strip 

Strength 

-14B1 

-3 

0.70 

(27) 

0.11 

- (g/cm) 
138 

-14B2 

-3 

0.25 

(10) 

74 

0.30 

173 

“IS 

-3 

0.12 

(5) 

33 

0.28 

158 

-17 

-4 

0.12 

(5) 

37 

0.31 

225 


U)Se. T.bl, XIX for fibrlG pr.p„.tion condition.. 


TABLE XXIb. - EVALUATION OP LARGE ALKALINE BATTERY JiATS 


Sample 

26084- 

Tenalle 

Strength 

(MPa) 

Bubble ^2) 

Preaaure 
(MPa) (nal) 

Air Plow 
Gurley 
(aec) 

Electrical 

Reaiatance 

(m-ohm em^) 

-14B1 

0al9 

0.016 

(2.3) 

< 1 

204 

-14B2 

0.70 

0.034 

(5.0) 

4 

174 

1 

I-* 

U1 

1.3 

0.033 

(4.8) 

10 

80 

-17 

1.8 

0.16 

(23) 

9 

83 


( 2 ) 


( 3 ) 


oi«“gh?\™ei“2S?* KOH at 40 mA after 


TABLE XXII. 


PROPERTIES OP LARGE ALKALINE BATTERY MATS 


Sample 

26084- 

Fibrid 

26084- 

Thickness 
(mm) (mil) 

Basis 

Weight 

-19-1 

. 3 ( 1 ) 

0.11 

(4) 

32 

-2 

-3 

0.19 

(7) 

31 

-3 

-3 

0.29 

( 11 ) 

30 

-3A 


0.15 

( 6 ) 

30 

-4 

-3 

0.37 

(14) 

35 

-4A 


0.20 

( 8 ) 

35 

-5 

-3 

0.19 

(7) 

30 

- 22-1 

- 21 A^^^ 

0.10 

(4) 

35 

-2 

- 21 A^^^ 

0.11 

(4) 

32 



Bubble Air Flow 


Density 

(a/cm3) 

Pressure 
(MPa) (psi) 

Gurley 

(sec) 

0.30 

0.050 

(7.3) 

9-13 

0.16 

0.024 

(3.5) 

<1 

0.10 

0.014 

( 2 . 0 ) 

<1 

0.21 

0.033 

(4.8) 

<1 

0.10 

0.021 

(3.0) 

<1 

0.18 

0.018 

( 2 . 6 ) 

<1 

0.15 

0.038 

(5.5) 

<1 

0.40 

> 0.21 

(>30) 

385-587 

0.30 

0.16 

(23) 

25-85 


fibrid from 26084-2- (2-4) Table XVIII. 

^^^A fuel cell fibrid 2.07 MPa (300 psi) water washed only. 

^^^The same sample as - 22-1 after being azeotroped and dried 
in the normal fashion. 
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Samples -22-1 and 2 were made with a new batch of fuel cell 
fibrids which should be comparable with the -4 fibrids used 
in the past. Mat -22-2 was made in the normal fashion and 
shows properties very similar to mat 26084-17 shown in Table 
XXI. The other mat^ -22-1, was made with the same fibrids 
after they had been washed free of solvent but before they 
had been azeotropically dried. This experiment was performed 
in order to determine again the benefits of the azeotropic 
drying. A comparison of the data in Table XXII shows that 
the bubble pressure, air flow, and mat density were higher 
for the sample made from the non-azeotroped fibers. A 
major difference in shrinkage was found as expected, with the 
“22-2 being 11% smaller in area, after being dried, than 
-22-2. Besides shrinking more, sample -22-1 wrinkled excess- 
ively, even though it was restrained during drying. A sample 
of the water washed only fibrids (the same as was used to make 
-22-1) was oven dried instead of being azeotropically dried. 
After dispersal in water in a Waring blender, a hand sheet 
was made which had no strength, presumably a result of the 
blender chopping up the fibrids which had shrunk together 
during drying producing a powder-like product rather than 
a fibrid. These experiments confirmed prior observations 
and demonstrated that: 

1. oven drying of water wet fibrids produces a solid 
mass incapable of redispersion. 

2. mats produced from water swollen fibrids tend to 
wrinkle and shrink excessively, and 

3. a superior process results when the water washed 
fibrids are dried by azeotropic distillation to shrink them 
without excessive entanglement followed by filtration of the 
fibrids from the toluene with removal of residual toluene by 
air or vacuum drying. 

This process provides a dry, clumpy fibrid which can be 
easily soaked and redispersed in water to be wet-formed 
into mats. 

To provide additional fibrids for fuel cell development 
another large batch of material was made under the same 
conditions as previous samples (26084-4 was the last fuel 
cell sample made) . As had been requested by NASA, deionized 
water was used rather than city water for making and pro- 
cessing these fibrids in order to ascertain the amount of 


> * 
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Inorganic Impurities retained by the fibrids. The deionized 

w*® checked prior to processing and was found 
to be 0.5 megohm. A portion of the resulting fibrids was 
ashed and analyzed by emission spectroscopy along with 26084-6, 
a previously prepared fibrid which was made from the same PBI 
dope but processed with city water. As shown in Table XXIII, 

nearly the same. City water, as expected, 
gave higher levels of calcium and magnesium but for some unex- 
plained reason, high phosphorous and silicon levels were noted 
in the sample treated »,ith deionized water. What possible 
effect these impurities would have on mat end use is unknown. 


processing of this batch, it was noted that, if 
the fibrids were very wet when charged into the kettle for 
azeotropic drying, they tended to clump up into beads. These 
proved to be capable of being dispersed in water (mat 26084-22-2 
was made from them) but procedures to produce a fibrous rather 
than a bead product are preferred. After drying, 329 g of 
fibrids were obtained of which 135 g were sent to NASA for 
evaluation. 


E. Scale-up 

Scale-up of the process to allow the preparation of larger 
quantities of fibrids for both fuel cells and alkaline 
batteries was begun. This effort was required in order 
to provide for a purchase order from NASA which called for 

1. 41.8 m^ (50 yd^) of PBI fibrid alkaline battery mat, and 

2. a sufficient quantity of fuel cell grade dry PBI fibrids 
to produce 41.8 m (50 yd ) of mat. 


To accomplish this, the fibrid formation equipment was set up 
in the pilot plant with fibrid deionized water slurry sprayed 
into a tank and then drained by gzavity to a centrifuge for 
separation. A 1500 1 (400 gal.) jacketed stainless steel ves- 
sel was used for the four deionized water washes, again col- 
lecting the fibrids with the centrifuge. Azeotropic distilla- 
tion was also done in this vessel using about 625 1 (165 gal.) 

after which the slurry was centrifuged and the 
fibrids allowed to air dry. After the bulk of the toluene 
had evaporated, the fibrids were dried in an oven at 75*C 
under 500 mm (20 in.) of reduced pressure. 
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TABLE XXIII 


ASH COMPOSITION OF FIBRIDS 
PROCESSED IN CITY VS. DEIONIZED WATER 


Sample 


26084>6 


-fid) 


26084-21A 


( 2 ) 


Ash(%) 

Composition of Ash(%) 
B 


0.79 


0.1 


0.71 


0.5 


Si 

10 

15 

p 

1 

20 

Mn 

0.3 

0.1 

Mg 

10 

1 

Pb 

1 

1 

Sn 

- 

0.1 

Fe 

3 

3 

Cr 

0.3 

0.3 

Ni 

0.5 

0.5 

A1 

4 

2 

Ca 

30 

2 

Cu 

1 

1 

Na 

0.1 

0.1 

zn 

0.8 

0.5 

Ti 

0.3 

0.7 

Sr 

0.1 

0.01 


^^^Made and washed with Summit, N.J. city water. 
{2\ 

^Made and washed with deionized water. 
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finer mjt4-ar-<.i prevxous Qope, producing a eomewhat 

1120 fl nF 1 ?'^ before this problem was recognized 

Sri - 

T5iofiiF““*“'«T"““ s irAitTd- 

provide sufficient web streSgth*'to^LndL^ii\he^Lch^ 

la‘’S"FV" P«P«ea°laLri^l)SI Ifinf O 
as coagulant and was added as a wet slurry to the aoueous 
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Based solvent swelling and bonding. 

Based on this feedback from Kimberly-Clark, the oreneraM^i ^ 

of approximately 4.5 kg (10 lb.) of ary tibrlSl 

along with a aul table quantity of the very fine fibrid^slurry. 

Pilot plant preparation of fibrids was done with a 

irarilM? ftSSi r SlSIlSaJtllSl'Sere 

tne same as for 26084-3 except that coagulant pressure was 
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1.03 MPa (150 pel) Instead of 1.10 MPa (160 psi) as explained 
above. The dope flow rate averaged 47.7 g/mln with a coagulant 
flow of 2.55 1/nln.. This flow rate was checked periodically 
by collecting a two minute sample and weighing. After washing, 
azeotropically drying, and oven drying, 4040 g (8.9 lb.) of 
dry fibrids were obtained (26084-30) . 

To produce the fine fibrids, drums of 70/30 DMAC/H 2 O were 
prepared and set up to allow a gravity feed with about a 
2.5m (8 ft.) head to the pump. The second batch of dope 
was used to prepare this sample which was made with the 
same spray system (2050 nozzle and 73160 cap) and the same 
dope flow rate (47.7 g/min.) as for the dry fibrids but with 
a coagulant pressure of 1.24 MPa (180 psi). Four 200 1 (55 
gal.) drums representing some 1120 g (2.5 lb.) of solids 
were collected (26084-32) . Some settling and decantation 
was done to reduce the final shipping volume to 3 drums. In 
addition to the 4040 g of 26084-30, samples 26084-26 and -27 
(made at 1.10 MPa (160 psi)) were blended in to yield a total 
of 4650 g (10.25 lb.) of dry fibrid, 26084-34, which was 
shipped to Kimberly-Clark Corporation for paper making trials 
along with 3 drums of 26084-32 fine fibrid DMAC/H 2 O slurry. 

A portion of the dry -34 fibrids was retained at Celanese 
(635 g). 

Kimberly-Clark Corporation prepared the alkaline battery mat 
for us. All actual paper making, of course, used city water. 

In order to provide adequate handling strength as evaluated 
by pretrial hand sheets, Kimberly-Clark added 20% of the fine 
-32 slurry (containing DMAc) to the water slurry of dry 
fibrids to produce the mat. Unfortunately, DMAc is very 
difficult to wash from PBI, and thus when the web reached 
the drying cans of the paper machine, the residual DMAc 
tended to fuse areas of the paper. The best of the samples 
were oven dried by Kimberly-Clark to remove residual DMAc 
(which could be smelled) and were then rewound into smooth 
rolls. Others were left in the as-made state. Folded scrap 
was returned to us along with 12 flat sheets, each of which 
contained some defects. Each sample was assigned notebook 
number 26084-48, and samples were obtained for analysis as 
shown in Table XXIV. 

On the six rolls, only one Gurley and bubble pressure was 
determined with the exception of sample 5, where the very 
low bubble pressure resulted from edge leaks due to the 
somewhat stiff sample. Two of the 12-sheet samples were 
measured in four places. Two separate samples of the folded 
scrap were selected, soaked in water to soften them, and 
dried under weights. The results from these samples are 
also shown. 
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TABLE XXIV. - KIMBERLY-CLARK CONTINUOUS ALKALINE BATTERY MAT 



Four sauries 


For unknown reftaons, the amooth redrled aamplea have a 
aignificantly lower bubble preaaure than the wrinkled 
aamplea, although the amount of fuaion aeema aimilar. 

It appeara that the firat three rolls have auitable bub- 

alkaline battery application, how- 
™ i J?® aeathetics are quite poor. While somewhat dis- 
appointing, nonetheless, it must be remembered that this 
was the first trial of FBI fibrids on a continuous paper 
machine, and much was learned. 

F* Larger Scale Fuel Cell Fibrids 

required larger quantities of the fuel cell 
fibrid, some preliminary laboratory fibrid work up was 
done of samples made at different pressures. Calendered 
mats made from these materials and from retains of fuel 
cell fibrid 26084-21A had bubble pressures as shown in 
Table XXV. 


Based on this data, a coagulant pressure of 1.90 MPa (275 
psi) was selected for the preparation of this sample. The 

^or the alkaline 

battery fibrids, 47.7 g/min, . Deionized water was used as 
the coagulant and for washing. After washing, the solids 
level of the centrifuged cake was found to be 6.9%. After 
azeotropic distillation with toluene to dewater the fibrids, 

® level of 19.4% was found. A yield of 3740 g 

(8.25 lb.) was obtained after vacuum oven drying. This 
material was identified as 26084-47. 


G* Evaluation of Alkaline Battery Material 

Because of the marginal quality of the PBI paper made on 
the small scale continuous paper machine, it was considered 
to be unsuitable for use in the NASA battery building pro- 
gram. For this program, 250 six inch square sheets were 
required. Kimberly-Clark agreed to process these fibrids 
into handsheets using a 30 x 66 cm (12 x 26 in.) handsheet 
mold rather than to attempt another continuous roll trial 
which might have consumed a large quantity of fibrids. Pre- 
liminary sheets, made at 0.25 mm (10 mil) thickness, were 
then calendered to 0.18 mm (7 mil). Samples of these were 
sent to both Celanese and NASA-Lewis for testing. 

Data on these preliminary sheets is shown in Table XXVI. 

NASA data and Celanese data generally agree except for the 
electrical resistance. In this case, the value determined 
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TABLE XXV. 


FUEL CELL PIBRID SCOUTING 


Sample 

Thickness 
(imn) tmil) 

Air Flow Bubble 
Gurley Pressure 
_ieec) (MPa) (psi) 

Basis 

Weight Density 

tp/nr) /oyom3^ 

2 . 07MPa (300psi) trial 

0.13 

(5> 

33 

0.19 

(27) 

54 

0.41 


0.16 

(6) 

12 

0.23 

(33) 

65 

0.41 

1. SOMPa (275psi) trial 

0,17 

(7) 

15 

0.16 

(23) 

56 

0.33 


0.30 

(12) 

9 

0.12 

(17) 

85 

0.28 

26084-21A 

0.11 

(4) 

25 

0.16 

(23) 

32 

0.30 
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than that found at Calanaaa. How- 
•var, tha highar valua atlll waa In an aooaptabla ranga! 

Clark ''*■ dacldadjto have Klmbarly- 

mat^iS ageing test of a fuel cell 

Ef.*?!! ^ ''*■ completed. Problems with tha 

®®"'® ^^tex loss with a consequent * 
incr®ase in the concentration of base. Nonetheless sl- 

^*^® ''®® cracked from physical abusef^it had 

a bubble pressure of 0.041 MPa (6 pel) at the end oJ th® 

with r.065 MPa (Ifs pJi) at the start 

tending long time exposure to hot concentrated alkali. 

with NASA the data on the preliminary 

?SSff5®J^® P^®pai?ed by Kimberly-Clark it was mutually 

® ”®'^ fibrlds from recently polymerized 

b!Jt«i^eSe«tSrS^*''J ^J® for the alkLiJS 

So? separators. A standard batch (B-261) was made of 

DMA® containing 2% LiCl from poJ?mS? 

?n*aif?4ipe=t». 

f^^^ored dope was then placed in a 200 1 ^55 n*i ^ 

5 poiie!® was diluted in Lve«l LlpJ'to 

A short scouting fibrid run was made with different orea- 

for^thiJ mvJ?5®i preparation condition response 

,.®^ paiticular batch of dope. Samples nisda 

“S'* «U0?eS 

to SrSSidE ^ 2”*^ standard procedures 

to provide a dry fibrid. A wet solids content before 

azeotropically drying^ of 6.5 and 5.3% respectively waa 

08i?'*Mt2rial\L®E the^l.03 MPa (150 

psi) material had a thickness of 0.26-0.29 mm (10-11 4 min 

52 "I®? °* «•” «e at a ba^rwilghJ oj 

Kol*. seemed reasonable compared to previous alka- 
line battery mats such as shown in Table XXVI. The mat 

hafrthickneSi of 

0.60 0.74 mm (23-29 mil) and^a Gurley Air Flow of 1,1 sec 
at a basis weight of 103 g/m^. whilJ this is soLwhat too 

expected that calendering would bring this mat 
into the range for fuel cell application. ^ 


Clj?k i ® for converiion by Klmborly- 

i 5?2‘*?5**^* ''®* initiftUd. Ovtr a period 
oc 5 daya, fibrida ware made for 28 houra uaino the above 

tlon^*? nS^So 2050-73160 noazle-oap combina- 

tion, 1,03 MPa (150 pal) of deionized water at 23-26“c, and 
a J®P« Pressure of 0.28-0.48 MPa (40-70 pal) at a flow 
rate of 48.5 g/min, of dope. (The low dope preaaure occurred 

temperature waa higher.) Every hour, 
a 3-minute sample was obtained and weighed in order to 

the system was operating in a stable and unl- 
5S^i*u Th®se samples weighed between 8.6 and 9.0 kg 
After washing with water, azeotropically 
slurry, and vacuum drying, 

10.4 );g (22.9 lb) of dry fibrid 26374-19 v;as 

Obtained. 

Prom the same dope, an ultrafine fibrid sample was prepared 
using a 70/30 mixture of DMAc/water for the coagulant.^ The 
'^®? i<l®ntical, except for a gravity feed of the 
through a valve to the feed pump, so arrang- 
ed that the operation could be started using water as co- 
agulant and then be shifted to the DMAc-water mix. Dope 
feed parameters were the same as before, but coagulant 
pressure was 1.55 MPa (225 psi) at a temperature of 36®C. 

5S®*J? ®°?® faculties, only 88.7 kg (195.5 lb.) 

this slurry (26374-12) was collected. This slurry was 
placed into a stainless steel drum for shipment to the 
Schweitzer Division of Kimberly-Clark along with 6.8 kg 
(15 lb.) of the dry fibrids (-19). ^ 

From these fibrids, Kimberly-Clark again prepared five 30.4 cm 
square handsheets, three of which were sent to NASA for their 
evaluation while the other two were tested at Celanese. 

The properties obtained are shown in Table XXVII. Sheets 
identified as 26374-20B, 26374-20C and 26374-20D were sent 
to NASA. The other two samples (A and E) were retained 
C6Xfiin0S€ s 

Although the specifications (32 g/m^ basis weight, 0.13- 
0.18 mm (5-7 mil) thick) were met, the strip strength re- 
ported by Kimberly-Clark (160 g/cm) was somewhat lower 
th®n in previous samples. The reason for the lower sheet 
strength was thought to be a consequence of a lower 
aspect ratio of the fibrids. These sheets were made 
with a nominal 204 of the fine fibrid 26374-12, Sheets 
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TABLE XXVII. -ALKALINE BATTERY HANDSHEETS (KC #818-54-2) 


Sample 

26374- 

-20A 

-20B 

-20C 

-20D 


strength ^Gurley'* 

■■ (g/cm) (MParipaii (gge) 


33 

32 

32 

33 


0.13-0.15 

0.16-0.17 

0.15-0.18 

0.14-0.15 

0,14-0.17 


( 6 ) 

( 6 ) 

( 6 ) 

( 6 ) 

( 6 ) 


0.23 

0.20 

0.20 

0.22 

0.22 


161 1.04 (150) 


178 1.14 (166) 


2.8 

2.1 

1.5 

1.7 

1.7 


20E 


34 


26374-20A imd -20E w«r« anAlyzed tor thttir DMAo oontant 
And ware found to hAva 2,5 and 3.0t raapaotlvaly. Thia 
WAA not unaxpactad Alnco ramovaX of DNAc from PBZ by aim- 
pXa rinalng la difficult. Prior to uae in a battary thaaa 
mata ahouXd ba thoroughly rinaed with water to ramove DMAc 
and to web out the mat. 

When NASA tested theiie aheets in 45% KOH at 90^C> it was 
observed that they loat Integrity after 12-24 hours. As- 
suming that this resulted from a physical loosening of the 
matted fibrids and was related to the relative weakness of 
the sheet, it was decided to target for a stronger and 
thicker m&t. While this would give a heavier sheet, a 
post processing calendering could be done to meet a 0.18- 
0.20 mm (7-6 mil) thickness. Kimberly-Clark was asked to 
increase sheet strength by increasing the basis weight. 

Kimberly-Clark found that mats of improved strength could 
be produced by using the earlier sample of "fine" fibrids 
(26084-32) which had been used in the continuous paper 
machine trial.. Unfortunately this sample was stored in 
carbon steel drums and some rust formation occurred during 
this time. By careful selection, however, the iron was 
minimized. In addition to using these -32 fibrids, they 
also increased the basis weight, of the sheet to 50 g/m^ 
and used 30% of the fine fibrids rather than the 20% as 
used previously. The properties obtained on two small 
trial handsheets are shown in Table XXVIII. These 
properties agree with those reported by Kimberly-Clark. 
NASA-Lewis confirmed that these samples did not deterio- 
rate and lose integrity in hot caustic as had the earlier 
ones. Electrical resistance was low and the bubble pres- 
sure was 0.028 MPa (4 psi) . 

Since the "old fine" fibrids seemed to contain some rust 
from the storage drums, it was desirable to determine the 
inorganic contaminants present. Half of one handsheet 
was aged for 18 hours in 45% KOH at 123 °C, washed until 
neutral with hot deionized water, and then dried in vacuum. 
This sample was then analyzed by X-ray fluorescence spectro- 
scopy along with the untreated, unwashed half. Both samples 
contain calcium, chlorine, sulfur, iron, chromium, and 
traces of titanium. In addition, the caustic-treated sample 
contained traces of nickel. Caustic treatment did seem to 
remove some of the iron and sulfur. 
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PABLE XXVIII. 


KIMBERLY-CLARK BATTERY SEPARATORS 


Sheets 


‘ dry fibrid 26374-19 
KC #833-22fi“"'''’ 


Sample 

Basis weight (g/m^) 

Thickness (mm) 

(mil) 

Density (g/cm^) 

Strip strength (g/cm) 

Tensile Strength (MPa) 

(psi) 

Air Plow Gurley (sec) 

Bubble Pressure (MPa) 

(psi) 


26374-41-1 26374-41-2 


49 

51 

0.19 

(8) 

0.18 

(7) 

0.25 

0.27 

161 

218 

0.79 

(114) 

1.2 

(171) 

• 

1-3 

- 

0.028 

(4) 


method !• estimated to be on 

tne order of 100 ppm. Iron and the stainless steel metals 
covne from the processing equipment, it is knovm that PBl 
picks up alkaline and alkaline earth elements so that oalcium 
pick-up from processing water was to be expected. Also, 
it was previously observed that PBI will, in effect, remove 
chlorine from water. The origin of the sulfur is not clear 
although some does exist in the original PBI polymer. 


After consultation with the NASA Project Manager, it was 
decided to have Kimberly-Clark produce additional sheets 
Identical to these to meet the contractual requirements. 


26 PBI fibrid hand sheets 30x65 cm 
®'*itable for alkaline battery separators which were 
delivered to NASA for evaluation. PropeJ tieS o? tSIsfsSee^rwere t 


Sample . 
Basis weight g/nr 
Thickness 

Strip strength g/cm 


27518-23-1 through -26 (KC #897-5-4) 
39-41 g/tc? 

0.16-0.20 mm (6. 5-8.0 mil) 

216 


To complete the requirements of Ta»k IV of the contract, 21 
nominal 20x20 cm (8x8 in.) alkaline battery mats of about 
35 g/m2 basis weijht were delivered. Properties of these 
sheets, made from fibrid 26374-19, are shown in Table XXIX. 
under Task III, a number cf denser mats, suitable for fuel 
cell matrices, were delivered. Two different lots of fibrids 
were used; 26084-34 which ftas the alkaline battery fibrid 
sample used by Kimberly-Clark in their continuous paper ma- 
chine trial, and 26084-47 which was made and sampled to 
NASA-Lewis for fuel cell usage. Characteristics of these 
21 mats are shown in Table XXX. The mats from -47 were 
made at a nominal 85 g/m^ basis weight while those from 
-34 were made significantly heavier at about 115 g/m2 since 
the -34 fibrid was coarser and would thus require greater 
compaction to yield a high bubble pressure material. All 
of these fuel cell samples were calendered to reduce their 
thickness to the 0.20-0.25 mm (8-10 mil) range. 

To determine whether high bubble pressure mats suitable 
for fuel cell separators could be made from the alkaline 
battery 26374-19 fibrids, samples at three basis weights 
were prepared and then calendered while still wet to 0.20- 
0.23 mm (8-9 mil) thickness. The properties obtained with 
these samples are shown below; 
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TABLE XXIX 


ALKALINE BATTERV MATS 


( 1 ) 


Sample 

27518- 

Basis Weight 


Thickness 
(mm) (mil) 

Bubble 

(MPa) 

Pressure 

(psi) 

Air Flow 
Gurley 
(sec) 

-8 

37 

0.25 

(9.7) 

0.017 

(2,5) 

1.1 

-10-1 

36 

0.24 

(9.6) 



1.5 

-10-2 

35 

0.20 

(7.8) 

0.028 

(4.0) 

0.1 

-10-3 

35 

0.18 

(7.0) 



0.1 

-10-4 

35 

0.20 

(7.9) 



0.2 

-10-5 

34 

0.22 

(8.6) 



1.5 

-10-6 

33 

0.19 

(7.5) 



0.2 

-10-7 

36 

0.23 

(9.0) 



0.1 

-11-1 

34 

0.23 

(9.0) 



0.1 

-11-2 

35 

0.21 

(8.3) 



0.1 

-11-3 

37 

0.22 

(8.5) 



0.1 

-11-4 

34 

0.21 

(8.3) 



0.2 

-11-5 

36 

0.21 

(8.1) 



0.1 

-11-6 

35 

0.20 

(7.8) 



0.1 

-11-7 

35 

0.20 

(7.7) 



0.1 

-11-8 

33 

0.23 

(8.8) 

0.017 

(2.5) 

0,1 

-11-9 

35 

0.17 

(6.8) 



0.3 

-11-10 

37 

0.24 

(9.5) 



0.1 

-11-11 

35 

0.26 (10.1) 



0.1 

-11-12 

34 

0.21 

(8.2) 



0.1 

-11-13 

35 

0.20 

(8.0) 



0.2 


Delivered to NASA 
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TABLE XXX. - FUEL CELL MATS^^^ 


Sample 

27518- 

Basis Weight 


Thickness 
(nun) (mil) 

Bubble 

(MPa) 

Pressure 

(psi) 

Air Flow 
Gurley 
(sec ) 

Pibrid 

26084-47 





-15-1 

87 

0.22 (8.8) 



30 

-15-2 

85 

0.18 (7.0) 



221 

-15-3 

87 

0.18 (7.2) 



129 

-15-4 

84 

0.20 (8.0) 



67 

-15-5 

84 

0.22 (8.6) 

0.21 

(30) 

30 

-15-6 

88 

0.22 (8.5) 



66 

-18-5 

88 

0.23 (9.2) 



7 

-18-6 

84 

0.25 (9.8) 

0.055 

(8) 

7 

-18-7 

87 

0.24 (9.3) 



9 

-18-8 

96 

0.27(10.6) 



18 

-18-9 

73 

0.20 (8.0) 



9 

Pibrid 

26084-34 





-13-1 

117 

0.24 (9.6) 



268 

-13-2 

li 

0.23 (9.0) 

0.21 

(30) 

122 

-13-3 

122 

0.18 (7.2) 



5600 

-13-4 

117 

0.23 (9.2) 



281 

-13-5 

119 

0.28(11.1) 



107 

-13-6 

119 

0.24 (9.4) 



50 

-18-1 

101 

0.33(12.9) 



2 

-18-2 

102 

0.33(12.8) 



4 

-18-3 

94 

0.30(11.8) 



2 

-18-4 

92 

0.30(12.0) 

0.031 

(4.5) 

1 


Delivered to NASA 
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Sample 

basis wti g/m^ 
thickness mm 

K UV, 

bubble pressure MPa 

(psi) 

air flow-Gurley (sec) 


27518<-22-1 27518»22-1 27518-22--3 


89 

0.21 

(8.3) 

0.12, 0.90 
(18, 13) 
26 


115 137 

0.20 0.23 

(7.9) (9.0) 

0.38, >0.41 0.31, >0.41 
(55, >60) (45, >60) 

62 460 


* ■•'“t With a basis waioht of 
d«i«a > o'^l4 the 

iS ISei: evaluation 

Alkaline Ageing of pbi Mata 

different batches of PBl fibrida had hA^n 

SS?S'^?rSo?' "pP«eS?\Srthe 

4 .-*’’ ^”r yarn had been dravm (stretched^ at a 

seoon5^‘?J*.?* fSO-SJO'C with areslSenSHl™ of wvStal 
thl2”d?«i?nS^^ to Improve Its strength. During 

dMTO^textlli which renders thi 

weight loss of PBI mats in 45% koh at 123®C (250®P) and 
or*ma 4 ^a Suitable heat treatments for the fibrids 

caustic.^” order to improve their resistance to the hot 

Washing and drying trials with loose fibrids ouicklv lad trs 
too 1 mechanical handling losses would be^ 

to allow generation of weight loss data? Thus 
mats were made from fibrid 26374-19 (the same ffiJ?«r 4 ai ' 

weri J2ed^t£*'^^‘®^f'^V° into mats) and these 

KOH at 123?? n !ff?* *“f* <i»ta In 45 ' 

AOn at 123 c as well as in water at 55®c. 


of mat, ^0.25 g, ware placed Into a oloeed etain 

hS!h euepended in an oil 

oatn at 123 c* The eamplea were removed after expoeure* 

washed with hot (80®c) water until neutral, then given an addi 
tional rinse, and dried overnight at 130»C and 432 mm of 
vaouvw. Upon comparison with the original oven dried 

loss was calculated. The sample was 
then returned to fresh 4 St KOH and the cycle repeated. The 
following control data for fibrid 26374-19 were obtained 
which show a considerably greater loss in caustic as com- 
pared with water. (The water losses were assumed to be 
mainly mechanical.) 


Time (hrs) 

Cumulative Wt. 
Loss in HoO 0 
55®C (%) ^ 

Cumulative Wt. 
Loss in 45% KOH 0 
123®C (%) 

70.5 

2.7 

6.6 

92.5 

2.7 

7.3 

187.5 

3.1 

8.7 


Samples of fibrid 26374-19 were treated in a static air oven 
for one hour at 250, 275, 300, 325, 350, and 375*Cf and mats 

250 “C and the 375«C samples. Whereas 
the 250 »C sample made a normal mat, the 375®C sample lacked 
integrity. Microscopic examination revealed no difference 
in the fibrids other than a slight darkening. Another mat 
was then made from the 375 ®C treated fibrids after allowing 
them to swell in water overnight to ensure complete water 
absorption and plasticization. The resulting mat was much 
stronger than the earlier one leading to the conclusion that 
the heat treated fibrid samples are more difficult to rewet 
than untreated ones. 

Two different approaches were tried: X) Heat treat the 

fibrids and then produce a mat; and 2) fabricate the mat 
aJ^d then heat treat it. Heat treatment darkens PBI 
somewhat, causes weight loss due to water desorption, and 
cause some shrinkage and embrittlement. Thus the 
samples treated in the air oven were found to be more 
difficult to wet out in water than the original fibrids and, 
even after standing overnight in water, did not appear to 
form as nice, strong, or handleable a mat as did the original 
fibrids. Furthermore, alkali ageing seemed to affect the 
treated fibrids adversely. 


ShJJ S!;; from th« 

on h.at treatmont of mata rith“ 

Pipa* A piece of atainleee «? oontal,’.ier made from 1 inch 
batweeA M?e«J uStirMut«l'“5aeh*l' 

«pWSe‘ 

the samples from the pipe container, remove 

began to be significant^ mechanical losses 

treated fibridl wSiid ftrm halt- ^ 

during ageing. ' >«®ts and disintegrated 

mJri^Se^f?Sm^hn?-JjiSjJd“fib?i^^ i*" Each 

than does the mat heat-treate/?*^^^® ® higher weight 

though many other regimes of timfe poorly. a1- 

ment could be explored”* temperature for treat- 

«emaa to be m“e ‘i"** «t lower tempe?«5«f 

trollable, and reprodSSble niSS!.! ■«?" 'onveniaSt, con- 
treatment at 375«c aeeme5^?«®® should result, one 
sufficiently so that mom ©mbrittle the sample 

be feasible. ® stringent conditions might not 

containers^were*constructed**iJto^wh^ ' stainless steel 

diameter disks could be placed^ 2 inch 

of stainless steel screeS^ <*^®J«® 

samples were checked for weight balf-gram 

500 and 1000 hours .*® ®^ter 25, 100. 250 

sample, treatments * of ^1 and control^”' 

375«c in the ai? ovS^ and 1 hour at 

and with formed mats. All of the heat^teeMed 
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TABLE XXXI. 


WATER AMD ALKALI AGEING OP PBl MATS 


* cumulative Heat-Tr..t.„< m.>. 


Treatment 

Medium 

Ageing time 
23 hr 

69.5 hr 

89.5 hr 


none 

1 hr 

@250*C 


H 2 O 

KOH 

(+1.4) 4.0 

2.5 

4.7 

(+0.9) 20.6 

2.5 

27.2 


2*7 0 3. 4, 1.7 

0.6 6 . 3 ,- 
- ,2.3 


%_C umulative Weight Loss - Heat-Treated P i brids Formed 

Treatment 4 hr @250®C 1 hr @325»C 1 hr @350»C 1 hr @375«c 

HgO KOH H^O kOH H^Q KOH, HgO KOH 

Ageing time 

23 hr 2.1 6.3 1.3 9.8 (+0.2) 9.3 1. 0 22. 9 <3> , 19 . 2 <3> 


^^Iiranersed in wat.r 850-60+c 
( 2 ) 

Immersed in 45% KOH at 123»c 
(3) 

Sample disintegrated 
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wara placad In vacuum at 155«e j 

aaaura tha ramoval of adaorLS in KOH to 

were removad and washed^wlth^sueeaa?! ^be samples 

deionized water until a changes of hot 

an additional wash th« obtained • After 

overnight at 155 «c' before S£i|hi?g!® ‘*^^*‘* vacuum 

overnight dryiJg^^apprLlSJtely*^!?'*^ V®? °^®®^ved that 
oven at 1S5®C seemed insuffleiLi®*.!! ®^ vacuum 

of moisture from the ^ SJ traLcea 

the vacuum oven for an addltionli®!#;'^?’^® placed in 
For the remainder Of Jbe telt^ i if.?®'"*'® 2*^? rewelghed. 

bleed in nltro|en 

system. assist in purging water from the 

and^So2ld*thlrefSre®L*”2icp^ h®®” dried 

weight loss than indieafcS® ^ ® “omewhat greater 

treated for 1 hour at 375«c ^hid the mat 

the control. Nevertheless^'ali^wi???*.'^?^^^^ 
project target value of <i:s% af?«®5ooJ°“a! ‘*>e 

ooitffl“t‘jirUr"i uiiSan/sf 

As expected, heat-treated flslntegration. 

brittle and did not ?2tlin ihefS ?®^® were 

These data are eSLa”«d lJ*'|aEu"xxXH!^ ““ 

heatf?«nrjj‘i;n‘!,li"i;e^1?%|??c'^^ T ”« 

continued. Extenaion of ?hiS te« to ““f 

in the control oainina a M+- hours resulted 

loss of 2.8% while the 375^0 tleatil^^ to give a cumulative 
total 3.5%. ^ treated sample lost weight to 

orlglnal^premise^ that n recheck the 

Vive long term aaeln« In hid. textile yarn would sur- 
glble we?gh? Josf.^^le we?e wlth^Segli- 

alcohol to remove any textile l2b?i«n?1?S T, iSMed 




TABLE XXXII, - ALKALI AGEING OP PBI MATS 


t_ Cumulatlvp Weight Logs - Heat-Treftted Mata 


Treatment None 


Ageing time^^^ 

^hrs) 

25 0 . 4 % 

100 2 . 4 % 

246 3.2% 

502 2.8% 


1 hr @ 
250*C 

4 hr @ 
250®C 

1 hr @ 
375«C 

(+0.2%) 1.8% 

(+0.2%) 

1.7% 

4.6% 

1.7% 

4.7% 

5.9% 

2.7% 

(4) 

(4) 

3.5% 



Treatment 


1 hr @ 
250®C 

4 hr @ 
250®C 

1 hr @ 
375®C 

Ageing time^^^ 
(hrs) 

25 


1.2% 

0.7% 

11.4% 

100 

- 

3.1% 

2.4% 


Sample Condition 

- 

(4) 

(4) 

(4) 


Heated in an air oven 

( 2 ) 

Hours of static immersion Lr^ 45% aqueous KOH @ 123®c (253«P) 
(3) 

'Apparent % weight gain 
^ Disintegrated 
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to constant weight in vacuo at 155»e a o /* . 

to 451 aqueoui KOH for 21 houro^lott O.SI^welaht »§tSr hSiUo** 
waohed neutral and dried In vaouo to mnatMt wJlShJ SSi"® 

a™li^“*‘ raturnad to freih KOH bath for additional 

iS 19 ?B ^“1?!!?“* * •“'"Ple of FBI yarn that waa drawn 

«a iwl®* sample was not crimped or cut into staole 

8 the earlier one had been but otherwise was trae^af^ 
the same manner • As shown in Table vvyitt Kn 4 >va a# 
yarn .ample. ehoweS eSSJu.;? o^iJlf «JlitMo2 Ll^a* 

“o" »>?“ HoS"«‘?hn; iSl«I 

®xceed the 1.5% contract target* 

th« *''^® i<= ««■ concluded 

drawn textnf ®I!^°® ®® ®“®*' wo^Sht aa does 

tlSIJiaJ treatment with this par- 

fibrids did not increase the alkali resistance 
Additionally, a mat heated in air at 150’C for 24 hSSJa 

had a weight loss of 2.3% after 24 hour treatment in^alkaii 
in order to increase the ..verity of o5id”ioS S«r thi ‘ 

45o'^ and^ 500 ?r*?** H!*C, mat samples were treated to 400, 

«30, and 500"C temperatures for an hour. Severe ahrinv.X^ 

weight loss, and darkening were “tT« .teJS”elSSt ^ ' 


Treatment j 

1 hr. @ 400®c 

1 hr. @ 450®C 

1 hr . @ 

Color 

Dark 

Brown 

Black 

Shrinkage 

7% 

13% 

69% 

Weight Loss 

12% 

19% 

95% 


Each mat was subsequently aged in aqueous KOH for 24 hours 

3Slch?"'?i? treated at 400“C seemed to gain 

weight (+3.8%); however, this may be the result of an^in- 

tu8talSed’'rs*5r2j?^!!? ‘rested sample 

tSo brit.if i°*®’ ®®*’’ these mats were 

too brittle to be handled or tested further. The third 

500®C, disintegrated to an extent 
that no ageing information could be gained. It would seem 

eonditlons which lead to ixtensiSe ox‘! 

cSJceStr^Sld SJkUlT! ®‘*^«®’' "y •'®t 
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TABLE XXXIII. - ALKALINE AQEINQ OF DRAWN TEXTILE YARN 


Hi Cunmlatlve Weight Loss (%) 

Time (hr) 70 »s Sample 197B Sample 


21 

0.8 

0.7 

99 

1.1 

1.0 

243 

1.3 

1.3 

500 

1.7 

1.7 

1000 

2.5 

2.1 


( 1 ) 


Hours of static immersion in 45% aqueous KOH @ 123^0 
(253*F). 


fibridi^?26374lIl9**Sl2d''b5%l^^ With the lame lot of 

Sf. quantity of^alkallna*hi?r^^**^*' *«brloatlor 

flbrlda were prepared from "»<*<=■• Theee 

wae produced early in lfl 79 ^**^tloular pbi polymer which 
oomparlBon, mate werS Purpoeee of ^ 

Alkaline battery fibrld eamDiS«^**i£u*'® «arlier 

from dope recovered frSm °"® (26084-3) 

pilot plant. This dope had spinning 

for several years. All pbt equipment plplna 

November 1977 weri made Prepared prior t? ® 

i? ®®sl® up fibrld produetfJ^^S'*^**^ polymer dope. 

iJ 5f"**^®Jly-Clark, two batches of conduct trials 

In November 1977. since were solutionad 

•Vjiljble .t Pib?iS“«S5? ?2^S' »“"« Of pm"*" 

' ®® was the material ueed^s,^^!f*f "‘f*^® 
the continuous paper trial in t«®®^ Nimberly-ciark for 
mats from these vJrloSa Sir ^ January 1978. Ageing of 

(45% KOH @ 123»C) produeSd®i.h”^®^f ^^® con- 

ahown below: ^ Produced the weight loss data 


Sample 

Number 

26374-19 

26084-34 

26084-3 


Polymer 

Source 

1978 

yarn 

dope 


Cumulative Weight Loss (%) 

24 hr. 100 hr. 250 hr. 500 hr. 


0.4 

4.1 

3.7 


2.4 

5.5 
4.4 


3.2 

7.0 

4.9 


2.8 


between samples and^that^fib^lde^*'®^® ^®®^ differences 
recent, new polyme? aJfmf^e ^*»® 

solutions than are the fibridJ alkaline 

On the other hand, the weight ico«® ^^® ®^<3er polymers 
samples of drawn textile yarns remafnf ®^®wn by the 
to any of the fibrids. ^ remains significantly Superior 

1978 polymer, °lt*^Sas"'IlSrobser?ed that th®^®h*?®® ^^® 

conclude that there are va^rSJi“S!! ^® reasonable to 

?J^'*S?5f® which coStribitS® i? ehemlcal 

differences b-ing excerlen)!®?' 4 ?^ least in part, to 
attack. experienced in resistance to alkali 


It WAi ditooverad that haat traatmant at 250<^c. avan 

waa inauffloiant to crcaallSS a PBrSaJ'aSSISh ?o 
at” 375 #r^ dlmathyXacatamida. Howavar, 

*0 traatad waa no longer aolubla in 
2f oreMUni“S?*"“*’ lndloatlv«%f th* praiance 

fSl rJ? turned out to be the beat, were uaed 

atudiea on tharmo-oxidative atablllaation. 

hava^rJiShii"?*.!!*^®^? control sample could 

nave reached its maximum, after 500 hours of tastina. the 

^®“^ ®®^^ extend the test 
to verify this idea. However, since 

aaeonS^mlff* ^2 ^2®*^ "^?S®' ”®* decided to test a 

"'*^® fibrids in addition to the 

original one. 

^*'® ”®'' was not removed from 

th! h!!t P^ioi^ to 250 hours. Since 

oxidised sample was the one heated for 

^nei! SSmSu^’LSt continued as well. 

A new sample, neat- treated for one hour at 375®c waa v'Aa 

A ..unpl. of thlf'/il't 

tS?2*in “*!*'*< “Mobility at room .ampera- 

^^^cthylacetamide prior to ageina to Drove *' t 

.ufficlantly oxidized and «os. llnkJS tl be iSSSIuble. 

noSin«i*a®" S?*‘ available by than, tingle 

diameter samples were used rather than the 
multiple 5 cm ones used previously. 

hoth^thf show the cumulative weight loss for 

both the old sample (small diameter) reported earlier and 

diameter mats, in both cases, the mat 
which was heat-treated for one hour at 375®c in an air 

thrcSS?rS“"‘^iJ°«f*''® significantly less weight loss than 
Wh!n ?h! f^“® ®®®"'®? ^sve better integrity. 

®®™P^®® placed back in the bath to 

dis^tfi!Jfti22 ^^®^ ''®^® brittle and 

ftn hours, the control had crumbled. 

heat-treated sample was in a better 
P^®P®s <ibe original disk left. Thus, 
weight loss seen for the control at 1000 hours 
(10.31) may include high mechanical losses. 

For the new samples, diameter as well as weight loss was 

^*^2®'..^® ‘*®^®>^-’'in« shrinkage. However, some 
n^sy be due to the drying cycle necessary each 
weighed. The initial dry^ ig pJior to 
Ji^®ii2® resulted in a 3.2% shrinkage in diameter 

for the control sample and a 2.1% shrinkage for the heat- 
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TABLE XXXIV 


VnsiGKT LOSS OF PBI MATS IN ALKALI 


Exposure 

% Cumulative Weight Loss^^^ 


Control 

Heat-Treated 

(hr) 


New 



New 

24 

-0.4 

- 

(+0.2) 

- 

100 

-2.4 

- 

-1.7 

- 

250 

-3.2 

-2.7 

-2.7 

-1.7 

500 

-2.8 

-2.1 

-3.5 

-1.2 

750 

-6.2 

-5.5 

-3.8 

-1.9 

1000 

1 

I-* 

o 

• 

-9.9 

-4.8 

-1.9 

^^^In 45% KOH at 123“C 




Heat-treated 1 hour @375®C. 






“r r‘ “ 

treated lampU had*ln?y*a fSw 

•nd ml9ht lSS2 ii; a ??? i“-“ <»•■* *<> S-'* eno 

«iat broke in half whll 2 thi *?* “"t™! 

pasa the pencil teat ‘ 

disintegrated while the “'at was largely 

? 2 S 2 d”;‘’h:ie*fS: 22 :e‘ 2 JL 22 ii' ‘'“heat-treated mat wa. 

6 ?S”oTei*i.; dKt 22 *u 3 ?)“'’T 2 r‘"^' *‘"*h™h f 2 <i®® 

to no ahri;Jj;gr,SS;Ja“£2"o2ir “•• 

Preparation of Mata by Pre ferred 
la Fibrids 

D«kc. Diasol 5 e by heaJi 2 iT 2 ''J°J*'’* "•* 9 *“ «* 

200 - 220 *0 ^ hours at a temperature of 

( 165 »C) , hlter thS the boiling poiSt of DMAc 

dope with DMAc until it has ® * Dilute the 

RTV, spindle i2“;t Jo rp2“2S.C) ?Mj Sfi? (J'^hfield 

level of about 10 . 5 % pii*.!; « aolids 

felt to remove any t«ah Pl 2 keS®;p"dS?f 22 *diJ&“*‘ " 

deloniaed^water*to*the”lr*aide*ol •*’«**’ *?®'* ‘•"’P®r«ture 

I«s - - 

P?eJai?e*IhoSld‘bS iToI^MpS* (1S0*m 1?* f“i' 

2 . 9 - 3.0 kg (e. 4 -S:« l 2 , Jli”tS?"‘ °* 
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TABLE XXXV 


SHRINKAGE OF FBI MATS 



Cumulative Shrinkaae (%) 

Exposure 

New Control 

New Heat-Treated 

260 

19.8 

10.6 

500 

25.3 

20.2 

760 

Broken 

30.8 


Note: On initial dtying at 155®C in vacuo prior to exposure, 

the control shrunk 3.2% while the heat-treated sample 
shrunk 2.1%. 


( 1 ) 


Heat-treated 1 hour 0375®C 


The resulting fibrlds are separated from the mother liquor 
boiled in four changes of deionised water. They are 
then suspended in toluene and the water removed by distillation 

«*eotrope. When water no longer comes off, 
the fibrids are filtered from the toluene and are dried in a 
vacuum oven at B0*c. 

2 . Mats 

calculated amount of dry fibrids, accordino 

4 -i of one hour. Break up any lumps by hand, 

by and^form^he^mat 

2w *.®'^itably sized hand sheet box. Remove the 

or a ^ of filter papir 

lightly roll by hand to transfer the wet mt 

or Remove the mat from the initial forming screen 

the^Sat if^de^rfd^ °5 blotters on the mat, and calender 

se5e«J dfyf«”n‘a ho? ^ ' 

3 . Heat Treatment 

t^^eat the mat by placing in a static air oven at 375®c 
Jonitor the solubility of a portion of the 

longer soluble?^ temperature until it is no 
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CONCLUSIONS 


PBI polymer can be readily converted into fibrids by use 
Of a coimercial pneumatic atomising nozzle* Water i« 

handling strength 
filtering an aqueous slurry of PBI 
fibrids, but excessive shrinkage, presumably due to the 

5riSkles®uoon f excessive 

wrinkles upon drying. A process to overcome this was 

washing out the residual DMAc solvent 
distillincT the water from the fibrid while being 
slurried in toluene in order to pre-shrink the fibrids. 

In this manner, dry fibrids were prepared which were 
rewettable and could be redispersed in a blender to 
prepare mats with low shrinkage. 

Mats with varying combinations of basis weight, thickness, 

were made from the same basic lot 
of fibrids. Calendering, either wet or dry, seemed 

effective in adjusting the mat parameters 
to fit target values. Originally, two different fibrids 

coarseness for the two uses, battery 
and fuel cell separators. Later, it was demonstrated that 

prepare fuel cell mats from the coarser 
®®^^®ry fibrids by a more severe calendering operation. 

Scale-up of the fibrid process was achieved in a pilot plant. 

centrifuge was used for separations and a 1400 1 
(400 gal.) stainless steel reactor was used for washing. 

operation was accomplished by azeotropically 
water from the fibrids in a toluene slurry. 

Scale-up to a continuous paper machine was tried by the 
Schwitzer Division of Kimberly-Clark Corpor?tion. Assess- 
ment of handsheets led them to adding 20% of an ultra- 
fine PBI fibrid slurry in DMAc-water to increase web 
handleability . Upon trial on the paper 
**'5®”^*'®* ''^®^ fusion resulted from incomplete removal 
of the D^c solvent prior to drying. Rather than con- 
tinue trials to prepare a continuous web, Kimberly-Clark 
agreed to prepare sufficient 30x60 cm (12x24 in.) hand- 
sheets to allow evaluation by NASA. These handsheets, 
as ultimately delivered, contained 30% of the ultrafine 
fibrid to improve handling strength. 


MnL/£L.INTBtTIONA!i{ lUW 
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While the elkaline etablllty of PBI ia exeallant anmA 
aamples of fibrid mats seemed to be chemically attacked 
Since textile yarn is drawn at high teJISwJtwe dS?iM 

such accompanying oxidation of the structure 

such as to render it insoluble, suitable oxidative heat 

sought for PBI fibrids in order to improve 
treatment of fibrids produced a 

lSSg«*be material which could^io 

fabricated into a mat with any integrity. On 

sulh thSt f®®^ treatment of a formed mat, 

sucn that the mat is no longer soluble in DMAe. cave 

trSterllLi ^"‘P^^ved stability to hot concSn- 
ated alkali, similar to that found for textile fiber. 
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